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PREFACE TO FIRST EDITION 


HE matter contained in the following pages was originally 



1 prepared in the form of notes for instruction to students in 
the Building Construction Class formerly under the Author’s 
charge at the Newtown Technical School. The notes were 
afterwards amplified and re-written in the form of articles for 
publication in the pages of the “Building, Engineering and Mining 
Journal,” from which they have been reprinted in the present 
form. 

The Author is not aware of the existence of any work 
devoted to the description of the materials and methods of 
Australian building construction. He therefore hopes that this 
little book, even though he cannot but feel that it has many 
shortcomings, will be found to be of some use, not only to 
students, but also to Architects and Builders. 

The Author has endeavoured to acknowledge in the text 
the sources of the information which he has used. He, however, 
wishes to especially acknowledge his indebtedness to Professor 
Warren, of the Sydney University, and Mr. J. PI. Maiden, 
Government .botanist of New South Wales, from whose published 
works much valuable information has been obtained. : He is 
also, greatly indebted to Mr. R. T. Baker Curator, and Mr. G. H. 
Smith, Assistant Curator of the Technological Museum at 
Sydney, who Have been at all times ready to give information 
about the specimens in the invaluable Institution under their 
charge. He is very grateful to these gentlemen, and also to 
the many of his friends who by advice and suggestions have 
helped in the preparation of these articles. 


Sydney, 


August, 1900. 



PREFACE TO THE SECOND EDITION. 


The first edition of this book having been for some time 
exhausted, another is now offered to the student. It will be 
found that the original edition is much revised and that several 
chapters have been added. The results of a large number of tests 
of materials, made under the author’s supervision at the Sydney 
Technical College, are also included. 

The very kindly way in which the original edition was re¬ 
ceived, in spite of its many defects, encourages the author to 
hope that this one will also be favourably received. 

The author gratefully acknowledges much help received from 
Professor W. H. Warren, Wh., Sc., M.I.C.E.; Messrs. R. T. 
Baker, F.L.S.; H. G. Smith, F.C.S.; J. C. H. Mingaye, F,C,S„ 
F.I.C.; Hugh Wright, N. Nurzey, J. Farrell, E. Cambridge, 
and A. H. Martin, and from his son Norman. To all these 
and the many others who have helped, he is very thankful. 

Sydney, 

17th Feb., 1911. 
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AUSTRALIAN BUILDING 
PRACTICE. 

CHAPTER I. 


FOUNDATIONS. 

1 - Examination of Building* Site. The examination of the 
Building Site is very important, for the safety of all that may be 
erected thereupon depends on the knowledge possessed con¬ 
cerning the material forming the site, and the judgment and 
wisdom displayed in the arrangement of the foundation. The 
Builder will need not to seek far for examples of heart break¬ 
ing failures, due to faulty foundations; and indeed long is the 
list of Engineering and Building troubles, presented as a warn¬ 
ing, that unless care is exercised, difficulties in this direction are 
very likely to occur. It is therefore at the start absolutely 
necessary to ascertain the nature of the material forming the 
site on which the building is to stand, and not only that, but 
the surrounding conditions likely to interfere with the material, 
are also to be investigated and allowed for. In districts where 
the character of the underlying material is well known, and 
where building has been carried on for a long time, experience 
will have established ample data to work upon, when arranging 
for the foundation of an ordinary building; but should the 
building be of an extraordinary weight, even in such places, 
special examination is advised. On the other handi, in new 
districts, with nothing to guide in the way of experience, such as 
is often the case in Australia, the Builder must perforce make 
an examination. 

2- Method of Examination-—The most satisfactory 
method is to sink bores, or deep perpendicular holes, at intervals 
over the site. By this means a full knowledge of the character 
and arrangement of the materials comprising the .site will be 
obtained, and any expense incurred this way, will be amply 
counterbalanced by the removal of all risk to the building arising 
from ignorance of the building site. 

3 Classification of Natural Foundations.—The materials 
forming building sites may be divided into 4 classes as follows:--- 
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1. —Unyielding. 

2. —Unyielding except under certain conditions, such 
as sand, and gravel, when subject to the action of water. 

3. —Yielding, as, for instance, soft clay, silt, and 
swampy or marshy ground. 

4. —Partly yielding. 

Class I.—Unyielding Natural Foundations. 

4- Solid Rock. — The deep and solid rock formations are to- 
be placed under the head of unyielding or incompressible natural 
foundations, and of course offer the best possible conditions for 
building upon, requiring nothing more than levelling off the in¬ 
equalities to receive the footings of the building. It is not usual 
to put on the rock more than one-tenth of its ultimate crushing 
strength. 

5. Rock in Boulder Formation. - If, however, the rock is 
not of a solid and compact nature the case is altogether altered, 
for often a comparatively sound stratum of rock will be found 
deficient in thickness, and underlain by a more or less rotten 
seam, incapable of bearing weight. Again the rock sometimes 
occurs in the shape of large blocks or boulders, with a soft or 
decomposed material surrounding them and filling the interstices. 
This description of rock is a most treacherous kind of founda¬ 
tion, on account of the probability of settlement or dislocation 
of the boulders, which may be brought about, either by the in¬ 
ability of the soft material to bear increase of weight, or by its 
being removed through the action of subterranean water. In the 
case of a heavy building it will be necessary to excavate through 
such a formation to a solid stratum. 

6- Hard Shale. —Hard shale makes an excellent foundation, 
provided it is not subjected to atmospheric influence, for on ex¬ 
posure it rapidly disintegrates, and is reduced to a powder. In 
the event of the shale being naturally exposed, care should be 
taken to have the portion supporting the footings of the building 
sufficiently covered with earth, stone*, or other covering. 

7. Hard Clay. —Hard dry compact clay is practically un¬ 
yielding, and is a good safe foundation, especially if intermixed 
with gravel, but the footings of the building should be carried 
down sufficiently far into it, for the upper part of the clay to a 
depth of five or six feet is liable to severe changes, due to atmos¬ 
pheric influence. Expansion and contraction occur to such a 
degree that buildings resting on the upper portion of the clay may 
be cracked, distorted, and rendered unsafe. In some of the dis¬ 
tricts subject to drought, cracks from ij/^in. to 2in. wide appear 
during the dry period. It is usual in buildings of no great weight, 
where cost prevents very deep sinking, to lay a bed of sand 
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about 4 or 6 inches thick, in the trenches before the laying of the 
footings, so that any movement due to expansion or contraction 
is prevented, by the cushion afforded by the sand, from affecting 
the building. 

8. Olay on Side of a Hill. —Where a clay foundation oc¬ 
curs on a side of a hill, it will be necessary to inspect that portion 
of the slope below the proposed building. Should cuttings or 
drains exist, allowance is to be made for probable slipping of 
the clay caused by the falling in of the sides of the cuttings or 
drains. Accidents to buildings have happened where the cutting 
has been a considerable distance below, and with a view of pro¬ 
viding against such a failure the footings must be very much 
deeper than in the case of a flat site. 

Class ii.—Unyielding except under Certain Conditions. 

9- A Compact Sand Gravel is unyielding when protected 
from the action of water, and makes a very good foundation. 
Loose Gravel may be prepared for bearing the weight of the 
building by being saturated or grouted with thin cement grout. 

10- Dry Sand is one of the best weight resisting 
materials for a foundation, but sand is rendered quite useless by 
the presence of water. All sand, unless it is laterally confined, 
spreads when subjected to weight. Where the surface is level 
for some distance round the building, and also free from effects 
of flood or other water, sand will be found to answer well; but 

on the side of a hill, or in any place where 
it can slip or spread out, or where subjected 
to the action of running water, the portion 
under the building should be confined or 
retained by sheet piling. When piles are 
driven close together in a line the arrange¬ 
ment is called “sheet piling/’ and is the 
method adopted to confine sand and other 
loose materials. The piles are driven 
between guide piles and longitudinal pieces 
called “waling pieces.” The foot of each 
pile is cut or bevelled, as indicated* by Fig. 
i, with a long and short bevel, and is placed as is also shown 
in Fig i., so that during the driving process a tendency towards 
the last driven pile is caused. By this means the piles are 
brought close together. 

Class hi.—Yielding Natural Foundations. 

11 Ordinary Clay is capable of bearing a very fair weight 
without serious compression ; but, as in the case of the hard clay 
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before mentioned, it will be necessary to excavate to a depth 
free from the effects of weather change. 

12- Soft and Porous Clays. —Pure soft or porous clays and 
soft loamy earths form the medium class under the head of 
yielding materials, for though not as good as ordinary dry clay 
and solid hard earth, they are very much better than quicksand 
or mud. The method of dealing with these materials is, how¬ 
ever, much the same as for silt, quicksand, and mud; the only 
difference in their favour being that should access to a better 
substratum be impossible, it will generally be feasible to spread 
the weight to a safe load by using wide footings, whereas in a 
swampy or silty ground the use of piles is almost unavoidable. 

13- Silt, Mud, and Quicksand. —Silt, quicksand, and 
swampy soils, are the most unreliable and treacherous materials 
that can be met with for building upon. Unfortunately, such 
materials often occur, because in cities convenience requires that 
large stores and manufactories should be erected along, or 
as near as possible to, river frontages or harbour shores, and it 
The weight-bearing power of these semi-fluid deposits is very 
is in such places that mud and silt are most likely to be found, 
small, and is very much of the same character as that afforded 
by water when supporting a floating body. However, as bad as 
may be the foundation afforded, examples are offered where heavy 
buildings have been safely founded on quicksand, or mud de¬ 
posits, but safety has only been provided for by very skilful 
spreading of the weight on footings with a large area. 

Class iy.—Sites Composed or Unyielding and Yielding 
Materials. 

14- So far only cases of sites composed wholly of unyielding, 
unyielding except under certain conditions , and yielding, have 
been dealt with ; but it frequently occurs that one part of the site 
is unyielding and the other yielding, such as a water frontage 
which may have silt and mud of considerable depth over a great 
portion of the end near the water,, and the remaining part may 
be solid rock. To erect a building partly on unyielding and partly 
on yielding beds would be sure to produce disaster, because 4 
must be remembered that it is not so necessary that the bed on 
which the building rests shall be unyielding as that it shall be 
absolutely uniform in its weight-bearing power . It will be there¬ 
fore most important that the softer materials be excavated, and 
all the footings founded on material of the same character. 
If the drop or fall to the strongest material be very great, 
the part of the building over the soft portions of the site may 
be supported on piers reaching to the level of the hard material. 


AUSTRALIAN BUILDING PRACTICL. 


5 


15- Determination of Weight-bearing Power of Natural 
Foundations—Footings and Improvement of Yielding Founda¬ 
tions. —With the unyielding natural foundations there will be 
no difficulty whatever in the matter of arranging the area of the 
lower parts of the footings, because unless the imposed building 
he of a most extraordinary weight, the bearing power of this 
class of foundations is rarely ever reached. The various pre¬ 
cautions, noted during their description, need only be taken. It 
is in foundations of the yielding class that difficulties are met, 
and to overcome them requires the exercise of the greatest skill 
and care. Such foundations being compressible in a more or 
less degree, it will be necessary to determine the safe load for 
the particular kind of formation. 

16- Estimation of Bearing Power. —The following formula 
from Rankine’s “Civil Engineering” will serve to determine the 
depth that must be sunk into, and safe pressure that may be put 
upon, quicksand, soft clays, and alluvial soils:— 


W = weight of a unit volume of the soil, quicksand or clay. 
h — depth to which the footings are to be sunk. 

A = the angle of repose of the soil, quicksand or clay. 


then W h 


1 1 4 - sin A\" 

\i - sin A/ per unit of area. 


An application of the above is as follows: — 


W = ioolbs. per cubic ft. for soil. 
h = 5ft. as depth of footings into the soil. 

A = say 15°. 

Consult a table of sines for 
sine 15°. It will be found to 
be *25882. 


then 


1 ooft. 


x 



1 4- *25882 
1 - *25882 



lbs. 

IOO X 5ft. X 2*9 
i45olbs. pressure per sq. ft. 


17- Angle of Repose. —The angle of repose is the inclina¬ 
tion of the slope at which the materials will naturally settle. It 
can be very easily determined by making a heap, sufficiently 
large, of the particular material, and measuring the inclination 
of the slope or batter of the heap. 


18. Advantage of Deep Excavations for Footings —It will 
he seen from an inspection of the formula that the depth to 
which the footings are sunk is a consideration, and this will be 
evident, for the silt (or mud) being in a semi-fluid state its 
tendency is to spread immediately on the imposition of a load. 
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but such spreading is not so likely to occur when the load is 
applied at a level at some depth into it, because the silt under the 
load is kept in its place by the lateral resistance of the surround¬ 
ing silt. Therefore the greater the depth, the greater will be 
the weight of that surrounding. Again, the angle of repose is 
also a factor, because the greater the angle the less will be the 
tendency to spread, and lienee clay will have a greater supporting 
power than quicksand. 

The table here given will be found of value when designing 
the bearing area of footings. 

TABLE I. 


Showing Safe Bearing Power of Materials usually met with for 
huillding upon. 


j M ATERIAL. 1 

Remarks. 

Safe Bearing Power 
in Tons per sq. ft. 

| Rock . 

One tenth of the crush¬ 
ing strength. 

Gravel ... 

Compact and Bound in deep 
strata. 

8 

Gravel .. 

Fairly loose. 

3 

Sand 

Compact and free from water 
and not liable to slip. 

1 

6 

Sand . 

Ordinary but free from water 
and not liable to slip 

4 

i Shale or Clay ... 

Dry, and in deep strata, hard 

4 

Clay . 

Fairly dry and hard 

1-5 

Clay . 

Ordinary, but liable to be wet 

1 

Alluvial and 
l earthy or poor 
clayey Boil a ' 

•5 

! I 


19. Design of Footings. —Having determined the .safe 
pressure per square foot, the next step will be to make the 
bottoms of the footings of area sufficiently large to transmit the 
load so as not to exceed such safe pressure. An example will, 
perhaps, more fully explain what it is intended to convey by the 
foregoing:— 
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A pier, together with the load on it, weighs 10 tons. 

The materials of which the building site is composed 
will safely bear, say, 2 tons per square foot. 

10 weight of pier and load on it j 

2 tons safe load per sq. foot | ~ * 

So that the area of the footing of the pier should not 
be less than 5 sq. feet. 

Of course the total weight of the building must be 
accurately arrived at, and also the exact amount thereof borne 
by the lower parts of the various walls and piers, so that the 
area of the footings may be proportionate. A pier in the same 
building as the one in the above example, with a load (including 
its own weight) of 6 tons, to be in proportion, its footing area 
should be 3 sq. feet. 

Suppose, for instance, it were otherwise, and that it had 
footing of the same area as the pier with 10 ton load, the soil 
would be unequally loaded,, and unequal settlement would take 
place, and cracks occur in the building as a consequence. It will 
therefore be evident that as well as having a uniformly weight- 
resisting natural foundation, it is also just as necessary to pro¬ 
vide for all footings being in proportion to the zveight borne. 
Settlement is not so much to be feared, as that one portion shall 
settle more than another. 

20. Proportion of Footings.—Fig. 2 illustrates a mode of 
failure, where the areas of the footings are not properly pro¬ 
portioned. 



21- Centre of Pressure.—The centre of pressure of the 

wall or pier should be over the centre of bearing of the footing 

area. Fig. 3 shows a failure owing to the wall being built on 
one side of the footing. 

22- Concrete Footings.—In the event of the weight being 

not too great to allow of a reasonable area of footing, the best 

method to adopt is to lay a bed of concrete in the trench. The 
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area of the bottom of the concrete to be proportioned to dis¬ 
tribute the load safely, and the thickness to be great enough to 
prevent transverse breaking. Concrete is spoken of as being 
the best is such cases, because not only is it very strong in itself, 
but, if properly laid, the whole bed becomes one mass, or piece, 
and consequently distributes better than stone or brickwork. 
(See article hereinafter for Composition of Concrete.) 

23- Spreading Courses. —The portion of the wall next above 
the Concrete should be spread out in “stepping” or “ offset” 
courses to provide for the proper distribution of the weight over 
the concrete. (See Fig. 4, which indicates the proper method.) 




The greater the inclination made by the line AB, the more stable 
will be the work, and the inclination of AB will be increased 
as the projection of each offset is lessened. Fig. 5 shows a wall 
built without offset courses on the concrete, together with the 
mode of probable failure. 

24. Masonry or Brick Footings. When for various reasons, 

such as cost,, etc., it is found impossible to use concrete, the 
footings may be of masonry, or brick-in-cement, but the same 
precaution as to spreading, noted in last article, must be taken. 
However, masonry or brick footings,, are never as efficient as 
concrete, for it is not possible to obtain the same compactness 
and homogeneity throughout the whole mass. 

25. Iron Hoop in Brick-in-Cement Footings. —The value 
of brick-in-cement for footings is greatly enhanced, if lengths 
of galvanized iron hoop of stout gauge, be built in between the 
courses. > 

26- Steel Rail or Beam Footings. —American Architectural 
Engineers have developed a new method of securing a very large 
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amount of bearing area, with a very small thickness of footing. 
I>y reference to Fig. 4, and remarks already made concerning 
the inclination of AB, it will be evident that with concrete or 
masonry footings, the greater the area, the greater will be the 
number of off-set or spread courses and consequently the greater 
the height or thickness of the footings. At Chicago*, U.S.A., 
perhaps more than at other places has the question of building 
foundation been fully considered, and with the unusual condi¬ 
tions existing, it is not surprising that the matter has had extra¬ 
ordinary attention. With such tall building, and a natural foun¬ 
dation of very small weight-bearing power, necessity arose for 
either footings of great area or piles. The serious disadvantages 
connected with the driving of piles (to be touched on hereafter) 
caused a tendency to use footings, but the massive and clumsy 
system of spreading masonry, or concrete, was departed from, 
and the necessary stiffness and strength gained with a compara¬ 
tively small thickness, by using steel rails*, or I beams, arranged 



as shown by Fig. 6. The lower layer of beams rests on a bed 
of concrete, and the spaces between the beams are filled up 
with concrete. The beams should be well coated with paint, or 
tar, prior to laying. The sketch, Fig. 6, shows the arrangement 
of a steel beam foundation for supporting a wrought iron 
column with cast iron base. The design of such footings against 
failure, is governed by precisely the same conditions as in the 
case of masonry or brickwork offset courses, and the projection 
of each layer beyond the one next above, must be considered as a 
cantilever uniformly loaded by the re-action of the pressure due 
to the portion of the load which it distributes. If not properly 
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designed each projecting layer would break as would the badly 
proportioned footing shown by Fig. 5. The bottom layer may 
be taken as an example. Let the load of the column together 
with the weight of the upper layers*, be i,o 56 ,ooolbs., and the 
area of the lowest layer 16ft. x 22ft. =-352 square feet. Then 
i,056,ooolbs. -u 352 square feet = 3000lbs., which would be 
the pressure per square foot, exerted by the lower layer on the 
clay. The lower layer projects 4ft. on each side of the layer next 
above, hence the area of each projection is 16ft. x 4ft. = 64 square 
feet. It will therefore be clear that, of the total pressure 
exerted by the bottom layer, the projections thereof take each 
i92,ooolbs. The projection of the lower layer marked ABCD in 
Fig. 6 would therefore be calculated as a cantilever 
with uniformly distributed load of i92,ooolbs. pushing up¬ 
wards and tending to break it along the line B D. The method 
of finding the bending moment of such a cantilever will be ex¬ 
plained under the head of girder design. Each of the layers 
must be taken in the same manner, with the column load and 
the weight of the layers, or layer above (the top layer will have 
only the weight of the column load), and the re-action found for 
each projection. It is of course to be noted, that the intensity 
of pressure or weight per square foot, increases as the area of 
layer decreases, so that the top layer will exert greater pressure 
per square foot than will the lowest layer. Steel beam footings 
may be used with advantage on all compressible soils. 

27- Pile Foundations. —With soft clay or mud soils and 
quicksands, it very often happens that it is not practically pos¬ 
sible to obtain sufficient footing area to spread the weight, and 
in such cases it becomes necessary to resort to piles. Bearing 
piles, as they are called, are long pieces of timber (generally 
circular in cross section) driven vertically into the soil. 

28- Method of Driving Piles —Piles are usually driven by 
blows from a falling weight called a “ram” or “monkey ” Figure 
7 shows the general form of the machine by which the ram is 
raised and let fall on the head of the pile. After each fall, the 
ram is raised, either by hand power applied to a crab winch at 
the feet of the “leaders” or by steam power, and when raised 
to a sufficient height, a sudden release from the perpendicular 
rope is effected by means of the claw lever shown in the sketch. 
The two upright pieces which guide the ram in its descent are 
called “leaders” and the ram itself is usually a block of cast 
iron. As will be seen by Fig. 7, the ram is provided with a 
tongue or projecting piece E, which fits between the “leaders,” 
while the plate B, bolted to the tongue, prevents the ram from 
getting away as it descends. The height of the fall of the ram 
in these machines may be anything up to, but (for reasons to 
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be given hereafter) should not 
be more than thirty feet. The 
weight of the ram varies from 
500 up to 3,5°° pounds. Ex¬ 
perience has served to show that 
a light ram with a high fall has 
a greater tendency to compress 
and split a pile than a heavy ram 
with a low fall. Again with a 
heavy ram and low fall, the 
blows may be delivered very 
rapidly, and this is an important 
matter, for it has been observed 
that if a pile be driven to a cer¬ 
tain depth, and allowed to re¬ 
main for some time undisturbed, 
and be then again struck with 
the same ram with same fall the 
penetration will not be as great. 
This is explained as follows:— 

(a.) During the penetra¬ 
tion of the pile, due to the blow, 
the soil is greatly disturbed. 

(b.) The less the interval 
between the blow, the less chance 
will the soil have to re-arrange 
itself or fas it is called) “harden.” 

(c.) It must, therefore, be evident that the more the 
soil “hardens,” the greater will be the resistance to the further 
penetration of the pile, so that the machine which delivers its 
blows with the greatest rapidity will be the most successful in 
driving the pile into the soil. 

The rapid driving of the pile is consequently to be desired, 
for thereby all the advantages of the increased resistance from 
“hardening” which will then take place only at the completion of 
the driving, is gained for the support of the load. The engineers 
of the Harbours and Rivers Department of New South Wales, 
specify that the ram shall be 224olbs. with a fall of 10 feet. 

29. Steam Pile Driver. —The steam pile driver is a machine 
with an action very similar to the well-known steam hammer. 
The ram is attached directly to the piston rod, and the 
whole machine rests upon, and is secured to, the head of the pile. 
It is very effective in its operation, for it delivers with great 
rapidity, blows, from a heavy ram (about 3,soolbs.), through a 



Fig. 7. 
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very small fall ("three feet), and in works of an extensive 
character its use is attended with great economy. 

30 . Timber for Piles —A pile should be composed of hard 
durable timber free from knots, and should be capable of being 
obtained in long lengths. The various Australian Hardwoods 
possess these qualifications, but Iron-bark and Turpentine may 
be mentioned as being especially suitable. Iron-bark is the best 
of the hardwoods, and is capable of great resistance to compres¬ 
sion. Turpentine on the other hand, while not being quite as 
strong, is yet, as far as resistance to decay is concerned, if any¬ 
thing, superior to Iron-bark. Experience has also shown that it 
is the least liable to the attack of marine borers, such as the 
teredo. This is due to an oleo-resinous layer, about % inch 
thick, between the bark and timber, and of course if advantage is 
to be taken of it, the pile must be driven (as recommended by 
Mr. Maiden, F.L.S., Consulting Botanist to the New South Wales 
Government) with the bark intact. There is also another 
colonial timber, viz., Brown Pine, which is strongly recommended 
for piles, on account of its general immunity from the depreda¬ 
tions of the white ants and teredo. The good qualities of these 
timbers, when buried underground, will remain durable and sound 
for a practically unlimited time, provided that uniform condi¬ 
tions of soil are existing. A timber cannot last in a soil that is 
liable to be dry at one time and wet at another, for there is 
nothing so destructive to timber as the alternative action of dry 
and wet. For this reason the tops of the piles should be as 
much below the surface of the soil as possible, in fact, they 
should be below the level of permanent moisture. 

31 . Pointing of Piles. —The lower ends of the piles are 
pointed to facilitate penetration when driving; and when hard 
strata is to be passed through, the points should be shod with 
wrought iron shoes, as shown by Figure 7. Where the soil is 
soft (and this is of course usually the case) the iron shoe is 
quite unnecessary. The point should not be made too sharp, in 
any case, for it must be remembered that the point only tends to 
penetration, and beyond the requirements for driving, this is not 
needed. A suitable point is shown at A, Figure 7. 

32 . Collars for Tops of Piles. —Wrought iron collars should 
be fixed (during driving) to pile heads, to prevent “brooming” 
and splitting. 

33 - Distance Apart of Piles. —2 feet 6 inches centre to 
centre is the nearest distance apart, that piles may be driven with 
safe results. 
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34- Platform on Piles 
to Receive Footings.— 

After the piles have been 
driven, the heads are sawn 
off, to a uniform level, and 
a platform of strong tim¬ 
ber is built thereon. 
Figure 8 shows the ar¬ 
rangement of the platform, 
and also the footings as 
built on it. A very com¬ 
mendable practice is to ex¬ 
cavate round the heads of 
the piles for some depth, 
and fill in with tightly ram¬ 
med concrete. 

! 35. Resistance to Crush¬ 

ing. — All the timbers in 
the platform should be 
capable of resisting crush¬ 
ing from the load of the 
building. 

36- Determination of 
Bearing Power of Piles.— 

Bearing Piles may be 
driven, through a bad stra¬ 
tum, to an incompressible 
material, in which case they simply act as long supporting 
columns, and transmit the load on them to the safe unyielding 
stratum; or they may be driven into a deep yielding soil, until 
the friction against the sides becomes sufficient to practically 
prevent further driving, lienee the load on them must be con¬ 
sidered as being borne only by the frictional resistance. It will 
be clear, therefore, that in the latter case a great amount of 
judgment is necessary, in the determination of the safe load that 
may be imposed, whereas in the former instance the piles being 
only long columns, the estimation of the load depends on clear 
and well defined conditions. 



37 . Piles in Yielding Soil —The consideration of the bear¬ 
ing pile in yielding soil may be dealt with first:— 

W = the weight of ram. 
h height of fall. 

x the depth the pile is driven by the last blow. 

P -the greatest statical load the pile will bear without 
sinking further. 
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S =the area of average section of the pile. 

L = the length of the pile. 

E - The modules of elasticity of the material of pile. 

Then Wh = the energy and power accumulated by the 
ram at the end of its fall: and the distribution of this energy is 
as follows:— 

(a) In overcoming the friction, against vertical guides 

of pile-driving machine, and against the air. 

(b) In compressing the material composing the ram. 

(c) In compressing the material composing the pile. 

(d) In driving the pile against the resistance of the soil. 

It is difficult to calculate with accuracy, the loss due to fric¬ 
tion against guides and air; and for this reason, consideration 
of this portion of Wh is not included in the formulae in general 
use. However, the loss is not great, provided that the guides 
and gear of the ram be in good condition, and it will be easily 
seen that the less the fall of the ram the less will be the friction 

both against guides and air, and the more nearly correct will be 

the result given by the formula. The amount given out in com¬ 
pressing the material of the ram is very small, and its effect is 
generally neglected. Professor Baker has, however, in his 
“Masonry Construction,” included a formula which gives con¬ 
sideration to this loss. The following formula by Professor 
Rankine is among the best of the many in use:— 

P-L 

— = Portion of Wh spent in compressing the material 

4 ES of the pile. 

Px = Portion of Wh spent in driving the pile. 

P-L 

Then Wh --+ Px 

4 ES 

Which, when solved, gives 

| 4 ESWh 4 E- S- x- 2 ESx 


v L L 2 L 

An experimental pile of carefully judged length and 
diameter should be driven with a suitable ram and fall, into 
the soil composing the site, and the last fall of ram and last 
pile penetration carefully noted. The foregoing formula should 
then be applied, and the ultimate bearing power of the pile will 
be determined. The safe bearing power may then be arrived at by 
dividing the ultimate bearing power by a factor of safety, which 
may be any number from 3 to 10, according to the importance of 
the case. Should the building be of an important character, it 
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will be well worth the cost to impose an experimental load on the 
pile, and thereby put beyond question the ultimate bearing power. 
Having found what one pile will safely carry, it will be an easy 
matter to calculate the number that will be required under each 
footing. Care must be exercised that all piles are driven to at 
least the same resistance as the trial one. 

38- Piles as Long Columns. —Long columns usually fail by 
bending under the weight imposed, but in the case of piles, this 
is counteracted or prevented by the lateral support afforded by 
the soil through which they are driven. This lateral support of 
course depends upon the stiffness of the soil, but (except in the 
case of very liquid soils) is generally sufficient to prevent bend¬ 
ing, and so the supporting power will depend on the strength 
of the timber composing the piles. Therefore to find the safe 
bearing power it will be necessary to divide the ultimate com¬ 
pressive resistance of the pile by a factor of safety which is 
usually taken as either 3 or 4. With piles driven through very 
liquid soils it will be necessary to estimate them as long columns 
without lateral support. The method of doing this will be ex¬ 
plained later in the chapter dealing with columns. 

39. Screw Piles. —Timber piles have been dealt with at some 
length, because it is thought that the use of these will be found 
to meet all requirements of the builder, more especially as, in 
Australia, there is to be obtained in abundance such eminently 
suitable timber. There are, however,, many different kinds of 
piles, such as wrought iron, and cast iron, in different forms, 
screw piles, and so on, but these are mostly of service only to 
the engineer in his more varied needs in this direction. Screw 
piles, so called because the lower or penetrating end consists of 
a screw or worm, may be noticed, because it is possible to 
get them into the soil without hammering, and they 
are of great use where the shaking or “jarring” of the usual 
driving process should be avoided. Screw piles are either wholly 
of iron, or are made with the lower end only of iron and a 
timber shaft. They are screwed into the soil by means of a 
long lever attached to the upper end. The determination of 
their bearing power is best arrived at by screwing in a pile and 
experimentally loading it. 

40. Sand Piles. —A very useful method of improving the 
bearing power of a poor, earthy or clayey soil, is that of drilling 
vertical holes, or bores, and filling them up with tightly rammed 
sand. Such are called sand piles, and there is no doubt that if 
properly executed they are just as good as if timber piles were 
used. 
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41. Disadvantages of Piles —Some notice must be taken 
of the disadvantage which attends the use of piles for founda¬ 
tions in certain situations. The “jarring,” or shaking effects, 
due to the driving process, causes in the case of water-holding 
soils a ready tendency to “jellify,” and thus seriously reduce 
the bearing power of that adjacent. Again, with a clayey soil, 
if the piles be driven close together^ a liability of upheaval of 
the surrounding clay is caused. It will, in consequence, be at 
once evident that where the site of the building is surrounded 
(as is most likely to be the case in a city) by existing buildings, 
extreme caution is necessary. A building in Chicago settled six 
inches during the driving of foundation piles in an adjacent site. 
Screw piles would be the best kind to use in such cases. 
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CHAPTER II. 


LIME AND CEMENT. 

42- Lime. —Lime for building purposes is obtained by burn¬ 
ing, or more properly speaking calcining, limestone. By the pro¬ 
cess of calcination, the carbonic acid and water are expelled, and 
quick or anhydrous lime results. Re-absorption of water is 
called slaking, and this action is attended in varying degrees, ac¬ 
cording to the nature of the lime, with a reduction to a powder, 
and a considerable increase in volume. Setting is the term ap¬ 
plied to the hardening of the slaked lime after being mixed into 
a paste with water. 

43. Kinds of Lime. —There is a great difference in the 
various kinds of lime, and the degrees of, and conditions sur¬ 
rounding their setting or indurative powers. For the purposes 
of distinction a division into three classes may be made as 
follows:— 

(a) Rich or pure lime. 

(b) Poor lime. 

(c) Plydraulic lime. 

44- Rich Lime* —Rich or pure lime is obtained from lime¬ 
stone of nearly pure carbonate of lime (such for instance as 
white marble and chalk) and is of a very quick or caustic nature, 
and, during slaking, heat is given out, and the process is accom¬ 
panied with plenty of noise and vapour. The slaked lime, if 
mixed to a paste and subjected to the action of the air, will set, 
or., in other words, will be reconverted to a carbonate by the re¬ 
absorption of carbonic acid. This class of lime does not possess 
very great indurative power, and whatever there is of .setting 
will take place only in the air, for it is soluble in water. Con¬ 
sequently it is utterly useless in subaqueous and subterranean 
work. Much of the lime used in the Australian States for 
building purposes is of the rich kind, and hence it is that 
mortar made from it never sets hard. Rich lime shrinks very 
much during setting. 

45. Poor Lime- —Poor lime is that kind which contains about 
6 o per cent, of pure lime and the balance of silica, in the form 
of sand, mechanically mixed together. The silica in this inert 
form has no influence on the setting power of the pure lime, and 
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hence while reducing or making poorer the rich lime it does not 
in any way improve it. It will thus be evident that while it is 
not so quick, slakes slowly, and is not .so soluble on account 
of the presence of sand, it is at the same time no better suited 
for moist or damp or important works than the rich lime. 

46- Hydraulic Lime —Hydraulic lime is that kind which 
possesses the power of setting when in water or away from the 
action of the air. This characteristic of hydraulicity is resul¬ 
tant on the combination, during the burning process,, of silica with 
some of the quick lime, forming what is known as silicate of 
lime which when hydrated forms a hard body insoluble in water. 
This kind of lime is obtained by calcining limestone which con¬ 
tains clay (hydrated silicate of alumina) in varying proportions 
of from io to 30 per cent. As was mentioned in the last article 
(art. 45) silica when present in limestone in the form of sand 
or flint is useless, for it is quite inert and will not combine with 
the lime. Clay, however, contains silica in a soluble and useful 
form in combination with alumina; and during the calcina¬ 
tion of limestone containing clay the silica therein combines, 
with a portion of the lime (after the carbonic acid and water 
have been expelled) and forms silicate of lime. As the tempera¬ 
ture is increased to a high degree, alumina also enters to 
some extent into the combination, and a double silicate is formed. 
The proportion of clay present in the limestone, and the degree 
of temperature during calcination, have an important influence 
on the character of the hydraulic lime produced. When there 
is a large percentage of clay present sufficient silica and alumina 
are provided to use up most of the quick lime in the formation 
of the simple silicate of lime., or, if the temperature can be 
raised high enough, the double silicate of lime and alumina, and 
possibly a separate combination of lime and alumina, called allu- 
minate of lime. Such a lime will not slake and must be ground 
to a powder; then setting will take place immediately on the addi¬ 
tion of water. A compound of lime and iron (if iron is present) 
may also be formed, but the presence to any great extent of 
metallic oxides and alkalies prevents the stone being burned at 
a high temperature on account of their action as fluxes causing 
fusion of the lime and alumina. In such cases a moderate tem¬ 
perature only can b? used, and probably not enough to cause com¬ 
bination with the alumina; and the result will be a hydraulic 
lime composed of quicklime and silicate of lime possessing the 
power of slaking feebly, and afterwards (when made into a 
paste) setting. From the foregoing it will be evident 
that a limestone containing sufficient clay, and. free from 
harmful amounts of alkalies or metallic oxides, .will have the 
necessary silica and alumina, and will admit of being burnt at a 
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sufficiently high temperature to form the double silicate and 
the aluminate, and will consequently produce a good, strong hy¬ 
draulic lime. It is, however, very rare that the proportion of 
clay to the carbonate of lime is so well balanced in a limestone, 
and, moreover., an excess of metallic oxides and alkalies is very 
probable, consequently the hydraulic lime produced, as a rule, 
is the result of burning at a low temperature,, and consists of 
the silicate of lime and a good proportion of quicklime, together 
with impurities. 

Portland Cement. 

47- Portland Cement. —This very valuable cement is an arti¬ 
ficially compounded and much improved form of the natural 
hydraulic lime. In the foregoing articles on lime, it has been 
pointed out that it is a matter of great difficulty to obtain lime¬ 
stone of such a character as to have its constituents properly 
proportioned in quantity, to render the production of good 
hydraulic lime a matter of possibility- With the production 
of Portland Cement this difficulty is overcome, for the propor¬ 
tion of each constituent is entirely under the control of the maker. 
The proper quantity of clay is added to the rich limestone to 
provide the alumina and silica for the necessary chemical action 
on the lime, and in the selection of the clay and limestone it is 
possible to avoid the presence of injurious amounts of the 
metallic oxides and alkalies so that burning may be carried out 
at a sufficiently high temperature. 

48- Process of Manufacture. —There are two methods of 
making Portland Cement, which are known respectively as:— 

(1) Wet process 

(2) Dry process. 

ihe wet process consists of mixing chalk and clay thoroughly 
together in water until the consistency of a thickish liquid cal¬ 
led “slurry” is reached. The “slurry” is then allowed to settle 
in tanks for the purpose,, and the particles of clay and lime are 
deposited. After the complete deposition of the particles the 
water is run off, and the deposited mass is divided and made up 
into lumps, which are dried, placed in the kiln, and burnt at a 
great temperature to a condition of hardness. The lumps, which 
after being burnt hard are called “clinkers,” are then ground 
to a very fine powder, and it is in this state that it is received 
for use by the Engineer or Builder. This process is now little 
used, having given way to the more improved dry processes. 

49. The dry process is so named on account of the lime and 
clay being mixed together while in a dry state. When hard 
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limestone is used, instead of the ready soluble chalk, mixing 
together by means of water is not possible. The clay is therefore 
in the dry process first roughly burnt in lumps to a condition of 
hardness, then added in the proper proportion to the limestone, 
and the whole ground to powder. By mixing the powder with 
water a paste-like mass is prepared, which in its turn is made 
up into lumps. The lumps are dried and calcined, producing the 
^clinkers” ready for the final grinding. 

During recent years this process has been greatly improved, 
both in the speed of manufacture and in the production of uni¬ 
formly high quality of cement. A modern cement-making plant 
may be thus described:—The limestone is first broken to small 
pieces in stone-cracking machines. These small pieces are con¬ 
veyed by buckets on an endless belt or “conveyor”’ to a cylindrical 
revolving mill, in which they are reduced to a fine powder. 
From the mill the powder is taken by a conveyor to the weighing 
machine, where it meets the clay, which has also been reduced to 
a fine powder, and conveyed to the weighing machine. The 
lime and clay powders are mechanically weighed in the proper 
proportions, mixed together, and conveyed to the calcining kiln 
which is a large revolving cylinder, lined with fire brick, and 
heated internally, to incandescence by gas. The kiln is inclined 
sufficiently to allow the lumps of clinker, resulting from the 
heating of the mixed powder of lime and clay, to gradually des¬ 
cend to the lower end, out of which they fall into a conveyor, 
which elevates them to the top of a cooling tower/ The lumps of 
clinker pass by their own weight spirally down through this 
tower, and are all the time acted on by a cool draught of air, 
forced by a powerful fan up the centre of the tower. The 
clinker, which is quite cool by the time it gets to the bottom, is 
again taken by the conveyor to the grinding mill, cylindrical in 
shape, in which it is ground by revolution between flints, to the 
finest powder of Portland cement. A very important part of the 
cement works is the chemical laboratory, where are tested at fre¬ 
quent intervals specimens of the cement. The chemist in charge 
controls the whole process, and he alone has the adjustment of 
the lever of the weighing machine, which mechanically proportions 
the amount of the lime and clay. This lever is enclosed in a 
case, and only the chemist has access to it. 

50- Chemical Composition of Portland Cement. —The 

analysis of the chemical composition though useful to some 
extent, cannot be taken as indicative in a complete .sense of the 
■quality of the Portland cement. The value of an analysis is 
to show the presence of a sufficiency or otherwise of the im¬ 
portant constituents, and whether those having a tendency to be 
harmful are in excess of the limit; but beyond that the analysis 
is not of much practical value. The analysis given below is that 
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of a good Portland cement which succes fully stood all the usual 
physical tests. 


•ANALYSIS OF A GOOD PORTLAND CEMENT. 


Lime. 

Silica. 
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*Trans. Royal Soc., N.S.W., 1694, p. 266. 


The various constituents as shown by the analysis may be 
divided into two classes as follows:— 

(1) Essentials. 

(2) Non-essentials. 

The Essentials are the lime, silica;, alumina, and iron. 

The lime enters into combination with silica, and forms 
silicate of lime, double silicate of lime, and alumina. 

With Alumina . . .. Aluminate of lime 

„ Iron . . .. Ferrite of lime. 

„ Water .. .. Hydrate of lime. 

The Non-essentials.—The other remaining constituents 
are of little or no value and practically do not 
increase the indurative power of the cement. The 
non-essentials should not exceed io per cent. 

The constituents are shown by the analysis, given above, to 
be in proper proportion, that is to say, there is shown to be enough 
silica and alumina and not much more than enough lime, whilst 
constituents likely to have injurious action are not in excess; but 
here the usefulness of the analysis ends, for it is not possible to 
decide with certainty that the combinations will be perfect. An 
estimate may be made from the chemists’ point of view as to the 
probability of perfect combination, by calculating the theoretical 
quantity of lime which each acid-constituent will require, 
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and the following allotment of the lime shown by the analysis 
in question will be illustrative of this principle. 


Silica 

40-41 

Alumina 

1251 

Oxide of Iron. . 

•84 

Carbonic Acid.. 

1-62 

Sulphur trioxide 

roi 

Sulphide 

•21 

5660 


which taken from 62.70 leaves 6.10 per cent, of free lime. This 
it may be calculated will combine with water to form hydrate of 
lime. But the hydration of the excess of free lime not taking 
place, and such is not impossible but probable, there is the defect 
due to the presence of free and uncombined lime. Again, during 
the setting of the cement decomposition of the more feeble com¬ 
pounds such as those of lime with alumina, and with sulphur, 
occurs, and more lime is freed. The chemical analysis does not 
afford information as to the extent of these actions, and hence 
leaves much to be otherwise determined. It will, therefore, be 
evident that while serious discrepancies in proportion of consti¬ 
tuents, as well as of the occurrence of injurious bodies, will be 
easily detected by aid of the chemical analysis,, it does not in a 
complete and accurate manner indicate combinations which have 
taken place during the calcination, and what decomposition may 
afterzvards take place when in use. 

51. Deval’s Hot Bath Test. —The injurious effects, such as 
“blows,” cracks, and disintegration due to the slaking or hydra¬ 
tion and consequent increase in bulk of the quick or free lime, 
and to decomposition of the feeble compounds, occur during the 
setting, but in some cases where the lime is of a slow slaking 
nature these defects are not developed until after some con¬ 
siderable time has elapsed, so that the time usually allowed for 
the tests in cold water for soundness is not sufficiently long to 
allow of the development of the bad points, and a cement might 
pass for sound and afterwards turn out to be very poor. It has 
been discovered that cement sets much quicker in hot than in 
cold water—indeed^, so much quicker that a cement kept in hot 
water for 7 days will be as strong as if kept in cold water for 
28 days. This knowledge is taken advantage of to accelerate the 
setting and so develop evidence of any bad qualities. Pats of 
neat cement, and of cement and sand in proportion of 1 to 3, are 
prepared, exposed in air for 24 hours, and then placed in hot 
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water of uniform temperature of i8o° to 200° Fahrenheit and 
kept there for 7 days. If at the end of that time there are no 
cracks or other indications of disintegration the cement may be 
taken as sound. The pats should be about ^in. thick at centre, 
and tapering to a thin edge. They should be made on a non- 
porous surface, such as glass, and kept thereon until set. 

This test would be inconvenient for the architect, because of 
the difficulty of keeping up the temperature of the bath for such 
a period. The following method proposed by the great authority, 
Dr. Michaelis, in 1870, and recommended by a Committee of the 
Fifth International Convention for Unifying Methods of Test¬ 
ing Construction Materials held at Zurich in 1895, is one which 
may be used without a lot of trouble, and within a reasonably 
short time. 



Fig. 9. 

Residue or New Cement on No 120 Sieve, 
(Magnification 19 diameters.) 


\ he neat cement is to be mixed with sufficient water to bring 
it into a plastic state; two balls, from i^in. to 2in. in diameter, 
are to be formed by band and kept in moist air for 24 hours. 
They are then to be put in a warm bath, and the temperature 
raised during a period of 30 minutes to boiling point. The 
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water is to be kept with just as little heat as will suffice to main¬ 
tain boiling for three hours. The balls are then to be taken 
out and cooled very slowly, after which they may be examined 
for cracks. The presence of cracks indicates want of soundness. 

52- Texture. —The proper degree of fineness of the powder is 
not less important than the correct proportion of the various 
constituents and their successful calcination. When used with 
sand, as it almost always is, the finer the particles the better, for 



Fig. io. 

Residue of Old Cement on No. 120 Sieve. 
(Magnification 19 diameters.) 


it is to be remembered that it is to act as the cementing agent to 
hold the grains of sand together, and consequently the particles 
of cement to get round and in between the sand grains must be 
as small as possible. 

To illustrate the importance of fineness of texture Mr. Reid, 
in his valuable “Treatise on Natural and Artificial Concrete/" 
cites a case where the cement of a certain degree of coarseness 
failed to stand the usual tests, but on being sieved and the coarse 
particles thereby removed it successfully survived the same tests. 
It is generally agreed that the powder should be fine enough to 
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allow of not less than 90 per cent, passing through a sieve having 
14,400 perforations to the square inch. An average of at least 
two tests is necessary to form an estimate. 

The residue should be carefully collected 1 and preserved 
from dust. By examining it under a microscope having a mag¬ 
nification of about 20 diameters, some very important informa¬ 
tion may be gained. The clinker composing the residue should 
be of a uniform dark colour and the grains should be small. 
A light colour indicates a cement which is under burnt. White 
particles indicate free lime, gypsum, or Plaster of Paris. The 
residue is rarely free from these white particles, but, by compari¬ 
son with clinker of a good cement, it can be decided when they 
are too numerous. 

The photo-micrograph, Fig. 9, shows the clinker of a fairly 
good cement. The white particles can be fairly seen in the photo. 
Fig. 10 shows residue of a cement which was kept for about 12 
months in a box. The clinker grains show a coating of the fine 
powder, and indicate that setting on a small scale has taken 
place. 

53. Colour. —The colour of the cement powder affords no 
indication as to quality, and any information in this respect can 
only be obtained after the “gauging” or mixing with water. 
Surface as well as section colour of the pat or briquette is taken 
notice of, and the tests are, as usual in other cases, made on 
cement. The pats of neat cement are examined as soon as set¬ 
ting has taken place, and a light grey external surface, with steel 
grey or bluish sections, shows a good kind. Dark greenish drabs 
or brownish colours are not good, and are expressive of infer¬ 
iority. The pats of cement mixed with sand are not examined 
for the colour test until some considerable time (about six 
months) after the gauging, and the indications are fairly reliable. 
A light colour at the surface denotes sufficient lime, and a dark 
or brown colour is taken as being evidence of insufficiency of that 
constituent. Light indigo section indicates in the case of English 
cement, good quality, whilst a good German make has a grey* 
section. The best colonial cement has a grey section. 

54- Tensile Strength. —The degree of resistance possessed 
by the cement against fensile stress is an important point, and 
in all cases tests should be made. The briquette, as the sample 
to be tested is called, is made up into a form that will allow of its 
ends being gripped by jaws and pulled in opposite direc¬ 
tions. The most approved form of briquette is shown together 
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with the jaws or shackles by Fig. II. -A, B 
are the jaws, and C indicates the middle or 
waist of the briquette at which breaking 
occurs. Fig. 12 shows an improved shape 
of briquette. The indents at the waist en¬ 
sure fracture at the proper .section. This 
waist is generally one square inch in cross 
section. Considerable importance attaches 
to the way in which the briquettes are 
made, and the particular conditions under 
which they are kept until put into the test¬ 
ing machine. A portion of the cement to 
be tested is mixed up neat, and another por¬ 
tion mixed up with sand in the proportion 
of 1 : 3. The quantity of water used 
should be not more than enough to enable 
it to be moulded. A good approximate rule 
for guidance is to take a handful and 
squeeze it, when, if the water is not in ex¬ 
cess, it will be impossible to squeeze any 
out of the handful. 
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An accurate method of determining the amount of water 
required for any particular class of 
cement is described by Mr. Roberts 

(Testing Engineer, Department of Public 
Works, New South Wales) in a paper 
published in the ‘'Journal of the Royal 
Society of New South Wales,” for 1894, as 
follows:—“A weighed quantity of cement is 
placed in a mould into which a piston fits. 
Pressure* is then applied to the top of the 
piston by means of a screw, and a spring 
underneath the mould is depressed to a certain 
point; water is then poured in around the 
mould, then the water is first drawn in 
and afterwards the pressure is released, the cement is then taken 
out and weighed again, and the difference in weight will give 
the percentage of water absorbed, which is the percentage that 
must be used in making the briquettes.” The above process is 
based on the principle that a given quantity of cement of one 
quality will under a given pressure absorb the same percentage 
of water. The uniformity of the pressure under which the 
mould, to form the briquette, is filled, is also a matter of impor- 



1400 lb?, per sq. inch for compression, and 2000 lbs. per sq. inch for tension. 
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tance. The pressure is regulated and hence a standard is main¬ 
tained by having the portions of the mould (the mould is made 
in two parts to enable the easy removal of the briquette when 
set) kept together by springs which open out after a certain de¬ 
gree of pressure is exceeded. By varying the amount of pres¬ 
sure used to compact the cement in the mould, the strength is 
affected to an appreciable amount. The best way is to always 
ram it in as much as possible. The most exact way to perform 
it is to use a machine called a Bohme Hammer, which auto¬ 
matically gives, each time*, the same number of blows of a ham¬ 
mer, having a certain length of handle and weight of head. For 
testing purposes the sand used should be very clean; and to 
afford a basis of comparison it is necessary that a standard of 
fineness should be maintained. The usual method is to pass 
through a sieve of four hundred holes to the square inch and 
then through a second sieve of nine hundred holes to the square 
inch; and that which will not pass through the last sieve is 
used. As soon as sufficient set has taken place to allow of re¬ 
moval from the moulds,, and this should occur before the expira¬ 
tion of the first 24 hours, the briquettes are placed some in hot 
and some in cold water. Great care must be taken that the 
briquettes do not become dry before being placed in the water. 
Those in cold water are tested at 3, 7, and 28 day periods, while 
those in hot water are tested only at the 7 day period. It may 
he mentioned here that the cold water periods of immersion 
include the primal time in air; but the hot water 7 days is 
exclusive of the time given for air exposure. The average 
between 10 tests should be found at each date. The machines for 
producing the tensional stress are many in kind and varied in 
detail, but all aim at the exertion gradually and without shock 
of the force, and most of them are on the principle of the lever. 
One of the best in use is of German design, with a system of 
two levers, the power being applied in the form of small shot 
which fall at a uniform rate into a bucket supported at the end 
of the long arm of the primary lever. The short arm of 'the 
first lever is connected to the long arm of tht second lever, and 
so the weight of the shot is multiplied in effect, and acts by way 
of connection between, end of short arm of second lever of the 
jaws, on to the briquette to be tested. The value of the breaking 
force is found by weighing the shot (which it must be mentioned 
ceases automatically to run at the instant of fracture) and calcu¬ 
lating the leverage. 

A table is given with a view of affording some idea of what 
a good Portland cement should stand when subjected to tensional 
stress. 
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TABLE II. 


Minimum Tensile Strength of Good Cement. 


In Cold Water. 

In Hot Water. 

Strength in lbs. per square inch. 

3 clays. 

7 days. 

28 days'. 

Neat Cement. 


300 

585 

1 715 

i One of Cement to 
j three of sand. 



165 

250 


Neat Cement. 


715 



One of Cement to 
three of sand. 


250 



55- Compressive Strength.— The resistance against compres¬ 
sive stress of a good Portland cement should be from 7 to 10 
times its resistance to tensional stress. The tests for crushing 
or compressive strength are made on cubes of varying sizes from 
iin. to 9m. edges. 

56* Weight. —Heavy cements are considered to be the best, 
but as an isolated test, the weight is not conclusive as to quality, for 
a good cement which has been ground very finely may be light 
in weight. Viewed, however, in conjunction with other qualify¬ 
ing tests, a cement should not be less than 100 lbs. per Imperial 
striked bushel. The manner in which the measure is filled will 
have an influence on the result when weighed, for, when poured 
in from a height the cement powder will be more dense,, or 
compact, and consequently will be heavier than if just lightly 
filled in. The proper method is to let the cement fall from a 
hopper which is held 2 feet above the top of the bushel measure. 

57- Time of Setting. —Portland Cements are either quick 
or slow setting. Those which take two hours or more to set 
are considered as slow setting. It is most necessary to have 
an accurate knowledge of the time which any particular cement 
that is being used will take to set, for, a cement should on no 
account be worked after the setting has commenced. The most 
accurate method for arriving at the time at which the setting 
commences is to fill a metallic cylinder, iin. high, and 3m. dia¬ 
meter, with the cement gauged with sufficient water to make a 
stiff paste. A needle, having a point .039 in diameter, 
and 10^2 ounces in weight, is then at intervals allowed to rest, 
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point downwards, and length vertically,, on the sample; and the 
moment at which the needle will fail to pass by its own weight 
through it, will mark the time of initial set. The cement is 
considered to be set hard when the needle fails to make any 
impression on the surface. 

58 The foregoing table will afford a very good summary of 
the foregoing particulars relating to Portland Cement. It is 
taken from the Portland Cement test sheet used in the Depart¬ 
ment of Public Works, New South Wales, and shows the kinds 
of tests, and the standard required. 

59- Most of the Cement used at the present is made in 
New South Wales, Victoria, and Tasmania, and there is every 
reason to believe that this industry will have a great future, for 
there are in the colonies, abundant supplies of the raw materials 
for the production of Portland Cement. Imported Portland 
Cement is supplied in casks, each containing y/ 2 bushels. The 
local manufacturers put it up in bags which contain 1251b. net. 

60- Plaster of Paris. -The qualities of lime and Portland 
Cement have been described at some length,, for they are almost 
the only cementing agents used for holding stones and bricks 
together, and for concrete, in building construction, and conse¬ 
quently they become of great importance from the builder’s point 
of view, 't here are, however, several other cements in use which, 
though not so generally useful as lime and Portland Cement,, are 
yet at the same time of use in connection with plastering and 
modelling work, and, therefore, deserve a little attention. The 
best known of these cements, is Plaster of Paris. It is prepared 
from Gypsum, an hydrated sulphate of calcium (Ca. SO., 4-2H0O) 
which is found in a state somewhat resembling rock salt, and from 
nearly transparent to white, and in colors of greys, yellows, and 
browns. When pure white it is called Alabaster ; when crystal¬ 
lised in flattened prisms it is known as Selenite . Plaster of 
Paris is prepared by calcining or exposing the Gypsum in ovens 
heated to a temperature of about 200° centigrade by which the 
water of crystallisation is nearly quite expelled, and it is after¬ 
wards reduced by grinding to a powder, after which it is ready 
for use. When mixed with water it hardens very quickly by the 
reformation of the original hydrate. The Gypsum is often mixed 
with a percentage of carbonate of calcium, but this addition by 
no means impairs the value of the plaster, for in such cases the 
acid of the carbonate is expelled (at the same time as the crystal¬ 
lising water of the sulphate), and quick-lime in addition to 
sulphate without water results. If the heating is carried on at a 
higher temperature than that mentioned above, the re-hydration 
takes place very slowly, and the setting quality is interfered with; 
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it is therefore necessary to avoid that which is over burnt. Dur¬ 
ing the setting of Plaster of Paris an expansion of about i per 
cent, occurs ; this may be demonstrated by filling a small glass 
of the freshly gauged plaster, tightly corking same, and putting 
on one side until setting has taken place, when it will be found 
that the bottle will be cracked and burst from the increase in 
volume of the plaster. Plaster of Paris is useless for work in 
damp positions, for it is soluble at ordinary temperature in 
water. It may, however,, be remarked that as the temperature 
is increased the plaster becomes less soluble—at 150° centigrade it 
is nearly insoluble in water. Plaster of Paris is made in three 
qualities—superfine, medium, and coarse. It is supplied in casks 
of 3J4 bushels each. The Plaster of Paris used in Australia is 
imported, but there is a good supply of Gypsum in New South 
Wales and South Australia, and there is no reason why it should 
not be prepared for use. 

61- Keen’s Cement. —This Cement may be said to be a very 
much improved kind of Plaster of Paris. It was discovered by 
replacing the residual water of Gypsum by certain saline bodies, 
such for example, as alum (which is a double sulphate of alumina 
and potash), that the hardening properties would be much in¬ 
creased. Keen’s Cement is made by mixing up the Plaster of 
Paris with a strong solution of alum, re-exposing in a much 
higher temperature than in the case of the plaster, and then re¬ 
grinding to a fine powder. Keen’s Cement sets very quickly, 
and becomes hard enough to receive a high polish. Keen’s 
Cement is made in three qualities—superfine, medium, and 
coarse—and is supplied in casks of 3J/2 bushels each. 

62. Parian Cement. —This is a cement of much the same 
character as Keen’s, but it is claimed that it works much freer 
when being used—that is to say, it is not so stiff during the 
period between being mixed and before hardening. It is made 
with Plaster of Paris in a similar manner to that described in the 
last article (61), the difference being that a solution of borax 
(biborate of soda) is used instead of alum. Parian Cement is 
made in two qualities—superfine and coarse—and is supplied 
in casks of y/> bushels each. 

63. Cements not included in the foregoing Articles.— Under 
this head may be noticed Cements, which owing to the almost 
general use of Portland Cement, are not now much used, es¬ 
pecially in the colonies., but which are of sufficient importance to 
deserve a little attention. Materials are obtained which require 
very little preparation to render them suitable for use as cements. 
The most notable is found in the form of concretionary nodules 
of argillaceous limestone known as Scptaria, which when cal- 
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cined and reduced to a powder make a cement somewhat like 
Portland Cement, but, of course, not nearly so good. This 
particular kind of cement is known as Roman Cement, and was 
very extensively used prior to the introduction of Portland 
Cement. It is not much used in the Australian colonies, but it 
is interesting to note that the Septaria have been found at Gee¬ 
long, in Victoria, and that good cement has been produced from 
them. Magnesian Limestone, or Dolomite, if calcined (at a tem¬ 
perature which is below a dull redness) and reduced to a pow¬ 
der, makes a good Hydraulic Cement. Pazzolana is the term 
given to a material found in France and Italy. It is really 
nothing else but earth burnt through volcanic agency, but it is 
,of great value when mixed with fat lime for making mortar, 
giving to it the quality of Hydraulicity. The same result may, 
however, be obtained by reducing bricks, Terra Cotta, or such 
other kinds of burnt clay, to a powder and mixing with fat lime. 
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CHAPTER III. 


MORTARS AND CONCRETES. 

64. Sand —As sand, or some substitute for it, is used in 
the preparation of the various mortars and concretes it will be 
best to deal with it and its various permissible substitutes first. 
Sand is comminuted stone in loose grains not sufficiently fine 
to be dust, and occurs in three kinds, which may be classified 
as follows:— 

fa) Siliceous , the detritus of silicious or quartz stone. 

(b) Argillaceous, the detritus of clayey stone. 

(c) Calcareous, the detritus of lime stone. 

That which is generally found and usually used is Siliceous 
—and, indeed, this is the only one of the three kinds which has 
the qualifications to fit it for use in constructive work. The 
others are very fine—almost dust—and are not sharply crystal¬ 
lised. The grains of sand should have sharp edges and rough 
surfaces, and be thoroughly clean,, for foreign materials, such 
as clay and organic matter, clinging to them prevents the ad¬ 
hesion of the lime or cement. The grains should also be fairly 
coarse, the degree of which may be taken to be about that of the 
standard sand for briquette tests (see Article 54 ante). 

65 , Sand is obtained for building purposes from sand 
hills, or banks, pits, river beds, and by crushing sandstone. Sea 
sand is objectionable on account of the presence- in it of salt, 
which causes it to be continually damp. 

Hill bank and pit sand is sharp and gritty, but is liable to 
be associated with clay and other such impurities necessitating 
careful washing before using it. 

River bed sand is clean but is not sharp the grains being 
rounded by the action of the water. 

Hard white sandstone, crushed, makes an excellent sand, for 
it is—unless in exceptional cases—clean, and at the same time 
coarse, rough and sharp-edged in its granulation. The question 
of the efficiency of crushed sandstone for sand was exhaustively 
entered into during the proceedings of the Public ^Vorks Inquiry 
Commission, New South Wales,, 1896,* and it was clearly shown 
that it answered well when made into mortar with cement. 


♦See pages 268 and 283 of the proceedings. 
D 
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Fig- 13. 

Sydney Sand. 

(Magnification 19 diameters.) 


66 Tests for Quality. —In ordinary circumstances it is con¬ 
sidered sufficient to depend as to its gritty or sharp character 
on the sense of touch by feeling it with the fingers. The use of a 
microscope will, however, be more satisfactory in the case of im¬ 
portant tests, as the condition of the grains can thereby be ac¬ 
curately ascertained. Fig. 
13 is a photomicrograph of 
the fine grained sand mostly 
used in Sydney, and ob¬ 
tained from Surry Hills. 
Fig. 14 is a photomicro¬ 
graph of the well-known 
valuable sand from the 
flats of the Nepean River 
at Emu Plains, Penrith. 
Fig. 15 shows crushed 
Sydney sandstone prepared 
and sifted to the standard 
size. These photographs 
show that the Nepean is 
the best. The grains are 
clean and sharp. It has 
been found at the State 
Testing Station that this 
sand, when standardised, 
gives the highest co-efficicnt of strength. The crushed sandstone 
has its grains coated with the fractured matrix of the stone, 
and this, no doubt, prevents a sound adhesion of the Cement to 
them. The Sydney sand, ;J 

while being very clean, has 
grains altogether too fine ; 
in fact the whole of the 
grains pass through the 
No. 30 sieve, so that there 
is absolutely none up to the 
standard size. Of the 
Nepean sand, as received, 
about 10 per cent, remains 
between the Nos. 20 and 30 
sieves. Two per cent, stops 
on the No. 20. The rest 
all goes through the No. 

30 - 

The cleanliness or other¬ 
wise of sand can be deter 
mined by taking about an 
ounce of it and rubbing 
it over a clean white 
sheet of paper, and if clean it will not stain or soil the paper. 
The presence of salt is easily detected by washing some of the 



Fig. 14. 

Nepean Rjvkr Sand. 
(Magnification 19 diameters. 
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sand in some pure water—distilled for preference—and after 
pouring some of the “wash” water into a test tube, add a little 

nitrate of silver, then, if the 
solution becomes cloudy, 
salt is present. 

67- Cleaning Sand 

Coarse impurities, such as 
twigs, grass, etc., are re¬ 
moved by sifting. Wash¬ 
ing is necessary where the 
impurities adhere to the 
grains of the sand, and is 
accomplished by violently 
agitating the sand in a 
tank or large cask, at the 
same time passing plenty 
of water through it. The 
water is allowed to run 
into the tank or cask so 
that there is a continuous 
out-flow, by which means 
the foreign matter is' re¬ 
moved in solution or in very fine particles. 



Fig. 15. 

Crushi;i> Sandstone from Sydney. 
(Magnification 19 diameters.) 



The Diagram, Fig. 10, shows the comparative values of fine and coarse sands 
when used in cement mortars. 

68* Materials used instead of Sand. —It is not always pos¬ 
sible to obtain sand for use in making mortar, and it becomes 
necessary to provide something to take its place. The materials 
which are used instead of sand are:— 

fa) Coal ashes from furnaces and forges. 

(b) Breeze or Coke crushed to a coarse powder. 
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(c) Burnt Clay crushed to a coarse powder. 

(d) Scoriae jfrom ironworks, crushed to a coarse 

(e) Slag ' powder. 

(f) Road Grit . 

Coal Ashes, provided that wood ashes (which are bad on 
account of the presence of alkalies) are not mixed with them, 
are good for using with lime to make mortar. Ashes should 
be well sifted, for there is great liability of impure matter being 
present. Ashes are also used to darken the mortar for pointing 
where according to taste a black joint is needed. 

Breeze, though not often used, makes a good substitute for 
sand, especially where crushing strength is not of importance. 

Burnt Clay, which, after all, is only brick, is much used 
where a dearth of sand occurs. It should be thoroughly burned 
and crushed to be something like a coarse sand in particular 
size. 


Scoriae and Slag, if properly crushed up, help to make good 
hard mortar. 

Road Grit is generally the detritus of hard paving stone 
(often the very hardest, such as quartz) and makes excellent 
mortar, the only condition being that it is most necessary to guard 
against impure materials, such as organic matter of street refuse, 
manure, etc. It should be well sifted and washed. 

69- Casters Sand from iron foundries makes an excellent 
mortar for use in localities liable to frosts. It is well known that 
the mortar made from lime and ordinary sand is disintegrated 
by the action of the frost, and consequently much trouble is caused 
to the builder. It has been found that the sand which has been 
used for casting will make a mortar that is not affected by the 
frost, so that it will thus be possible to overcome the difficulties 
which have in this particular matter been met with in such dis¬ 
tricts, as for instance the mountainous and southern parts of 
New South Wales. 


MORTAR. 

70 Constituents—Mortar is made up with sand (or its 
substitute) and either lime or Portland Cement. Lime Mortar 
is generally composed of two parts of sand and one part of 
lime. The lime should be slacked in a box or tank, passed 
through a fine sieve while in a liquid form, and then mixed 
with the sand. By this means the slaking is conducted in a clean 
way, and the sifting prevents any unslaked particles of lime 
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fiom passing- into the mortar and subsequently causing damage 
by expansion. Unfortunately, however, this desirable method 
is not always adoptedi, for, it is a common practice to just make 
a heap of the lime, surround it with sand, slake it, and immedi¬ 
ately mix the whole together. The constituents should be thor¬ 
oughly mixed together. In all large and important works the 
mortar is mixed in mills, which may be briefly described as large 
circular revolving pans with large grinding rollers working in 
them—the motion being by horse or steam power. These mills 
are very economical and especially when burnt clay, brick, slag, 
breeze, etc., are to be crushed. It is necessary to allow the mor¬ 
tar to stand for about 6 days before using it. Cement Mortar is 
composed of i part of Portland Cement to either i v 2 or 3 parts 
of sand as the strength requirements vary. One part of cement 
to two of sand is the proportion mostly adopted. The sand after 
being washed (if not naturally quite clean) is measured out, and 
then the cement in its proper quantity is thrown on top of it. The 
lot is then turned over and mixed while dry, and afterwards the 
water, which must be quite clean, is added, turning and mixing 
going on all the time. Cement Mortar is also mixed in mills, 
when the circumstances of the work in hand render such a course 
economical. Unlike that made with lime, cement mortar should 
be used immediately on being mixed up, and on no account 
should it be allowed to stand sufficiently long for setting to 
commence. The use of too much water is to be avoided. To 
prevent the incorporation of unclean and foreign matter, mor¬ 
tar of whatever kind should not be made up on the ground, as 
it often is, but on a timber platform which should be near to 
the place where the mortar has to be used. 

71. Grout.— With a view of having all the spaces between 
bricks thoroughly filled up it is the practice to reduce the mor¬ 
tar to a liquid condition with water, and so pour it into the 
space. The mortar when so liquified is called “grout.” It is 
also used for filling the spaces round dowels and joggles, and 
for running into the grooves of the joints in masonry work. 

72. Strength of Mortar. —Mortar is an important factor 
in the strength of masonry and brickwork, holding, as it does, by 
its adhesive and tensile qualities the stones and bricks together, 
and compressive resistance by transmitting as the bedding 
material the compressive stress from top to underneath stones 
or bricks. The strength of a wall or pier, therefore to a great 
degree (unless in the case of stones, most accurately wrought, 
and with thin joints) depend on the strength of the mortar, con¬ 
sequently a standard should be observed in calculations of im- 
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portant works, a~d frequent tests made to ensure adherence 
thereto. 

73 . A table is given herewith which will be illustrative of 
the strength of cement mortar, made with good cement and sand 
of the quality usually used in work of a good character:— 

TABLE IV. * 

Showing 1 Strength of Portland Cement Mortar composed of 3 parts of sand 
and one part of Cement. 

Sand put through sieve of 400 holes to sq. in. and caught on one of 900 holes to sq. in. 


.... . a , Tensile strength in lbs. 

kmds of Sand. per gq f nch 

Compressive strength, 
in lbs. per sq. inch. 

Transverse strength in 
lbs. per sq. inch. 

30 dys 

30 dys I 6 mthj 12 ms 

30 dys 

90 dys 

C mth 

12 ms 

30 dys 

00 dys 

6 mth 

12 ms 

Surry Hills .. (134*7 
Liverpool . .|143'5 

Emu Plains . . 20114 

1721 ! 201*54; 224*42 
165-8 1 204-7 |23S’5 
234-4 280-3 | 272*0 

1932-0 

1240-7 

18541 

16170 

1569-4 

2242- 

2068*7 

1887-1 

2459-9 

2025 9 
1612-9 
2674-2 

280*5 

2771 

376-9 

373-3 

381-75 

545.5 

457*6 

480-9 

510-9 

546-2 

440-6 

562-5 

(Nepean Sand). 

Crush’d sandst’e 152-74 

216-5 | 244-3 j 286*5 

1100-6 

1671-5 

1499-4 

1532-3 

288-6 

441-9 

516-7 

587-4 


Records of tests (\f such have been made) of lime mortar 
made with Australian lime are not obtainable, but where strength 
is of any importance lime mortar is not used, for it is very weak 
when compared with the Portland Cement now so easily—and 
indeed cheaply—obtained. It is a matter of difficulty to gener¬ 
alise the adhesive strength of mortar, for the material to which 
adherence is to take place will have an influence on the result. 
For instance, a mortar of a certain kind will adhere to a rough, 
porous stone much better than to a hard, close-grained stone, 
such as basalt; or to a sandstock, or wire-cut brick, than to a 
hard glazed facing brick. It will, therefore,, be clear that the 
adhesive strength will vary for each different kind of stone or 
brick, or other material. As far, however, as the mortar itself 
is concerned, it will be safe to reckon that its adhesive power 
will increase directly as the tensile strength increases—that is 
to say, the more the tensile strength of a mortar the better will 
be its adhesive power. 

74 - There can be no doubt that the efficiency of mortar as 
a binding material is not generally valued to its full extent. A 
very interesting and valuable series of tests were carried out 


•Compiled from valuable evidence given by Professor Warren, of the Sydney 
University, before the Public Works Enquiry Commission. See minute of 
proceedings, page 268. 
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in India some years ago by Lieut. E. W. Creswell, R.E.,t on 
beams built of brick in mortar, and the results were surprising. 
The lime used in the mortar had, when mixed with i l / 2 parts 
of sand,, a tensile strength of 5olb. per square inch at one month, 
and 651b. per square inch at two months. It will thus be seen 
that when compared with Portland Cement such a lime is very 
weak. In the experiments in question the mortar was made up 
with two parts of lime and one part of sand. The beams were 
15ft. long, and had a clear span of 10ft., so that the bearing at 
each end was 2ft. 6in. They were 2ft. 6in. x 2ft. 6in. in cross- 
section, and the bricks were laid, or arranged, in English Bond. J 
Fifty beams all together were built and tested, and they were 
classified in five divisions, according to thickness of joint in 
brick work—That is to say:—Ten were built with joints T V in. 
thick; ten with in. joints; ten with %\r\. joints; ten with in. 
joints; and ten with J^in. joints. They were built on solid abut¬ 
ments, and on a centre, as it were, of earth, which was removed 
just before the imposition of the test load, so that they might 
have a free span. The beams were from nine to eleven months 
old, and it may be added that the load was applied at the centre 
of the span. The results are shown by the following table:— 

TABLE V. 


Showing Strength of Beams of Brick built in Lime Mortar. 

Beams 15ft. long, 10ft. clear span, 2ft. Gin. x 2ft. Gin. cross section, built in 
English Bond, Load applied at centre of span. 



Thickness of Joints. 

Average weight in tons which 

1/1 Gin. 

l/8in 

l/4in. 

l/2in. 

3/4in 

broke beams. 

6*92 

7*79 

8-12 

5-22 

4 92 


The dead weight of each span of beam was a little over 3 tons. 


These tests serve to show that brickwork when carefully 
built has a very fair amount of strength, and also that joints 
about %in. thick make the strongest work. 

75 - The following table, showing the adhesive strength of 
cement mortal has been kindly supplied to the author by Pro- 

fFor detailed description of these tests see “ Roorkee Engineering Papers.” 

+See Articles hereinafter for description of bond of brickwork. 
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fessor Warren, by whom the tests were made at the Engineering 
Laboratory of the Sydney University:— 

TABLE VI. 

Summary of tests of Adhesive Strength of Cement Mortars to Bricks. 


Mean of six tests giving tho adhesive 
Description of Materials used in strength in lbs. per sq. in. 


•lesting. 

Cement. 1 

Sand. 

7 days old. 

28 day 8 old. 

Cement neat 

1 


168 

213 

,, with crushed sandstone 

1 

! 

117 

146 

It »t It 11 

1 

2 

53 

73 

« 1 It It 11 

1 

3 

26 

48 

” 

1 

4 

16 

45 

Cement with Bluestone Dust 

1 

1 

79 

136 

11 11 11 11 

1 

2 

47 

j 84 

11 11 1 • 11 

1 

3 

34 

45 

11 11 1 » 11 

1 

4 

23 

; 41 

1 

Cement with Nepean Sand 

1 

1 

102 

105 

•» n 1 > n 

1 

2 

38 

' 45 

11 t »» » t 

1 

3 

20 

24 

tt t» »t »> 

1 

4 

19 

14 


The bricks used were made at St. Peters, near Sydney, and 
gave, when immersed in water, an absorption of 7 per cent. 
“Castle” brand of Portland Cement used. Crushed sandstone 
put through sieve of 400 holes, and caught in one of 900 holes 
per square inch. 

76. Contraction of Materials for Mortar. —The bulk of 
mortar is less than that of dry materials from which it is made, 
and for purposes such as estimating cost and for providing for 
the complete filling up of the interstices between the aggregates 
in concrete, it is most necessary to be fully aware of the extent 
of this contraction. The table VII. affords some useful in¬ 
formation. 


CONCRETE. 

77- Concrete is the name given to a mass or body composed 
of gravel, pebbles, broken stone, or some other hard substance, 
cemented or bound together with mortar. Concrete may there¬ 
fore be divided into two classes of constituents, viz.:— 

(a) The aggregate, or the whole of the pieces of broken 
stone, gravel, or pebbles. 





















AUSTRALIAN BUILDING PRACTICE. 


41 


(b) The matrix, or the mortar which binds the aggregates 
together. 

TABLE VII.* 

Contraction of Cement and Sand when made into Mortar. 



One of Cement 
to One of Sand. 

One of Cement 
to Two of Sand. 

One of Cement 
to Three of Sand. 

By admixture with water 

15-00 

18*66 

17*50 

By admixture with each 
other 

5-00 

5-00 

5 00 

By the Cement setting to 
hardness from Condition 
of Mortar 

4-00 

4-00 

4-00 

Total Contraction of mater¬ 
ials in percentage of their 
own volume 

24-00 

25-66 

26*50 

Total ratio of contraction of 
materials in percentage of 
the volume of the mortar 
when set. 

3P58 

34-53 

36 05 


^Portion of a table by Sandeman, p. 256, Vol. LIV., Trans. Institute Civil 

Engineers 

78 . The aggregate may be composed of any of the follow¬ 
ing materials:—Broken stone, broken bricks, pebbles, breeze, and, 
indeed, any hard substance which may be broken up in the same 
manner as stone. Gravel and shingle from river beds are also 
very suitable. In building-work the kind usually used is either 
hard stone, brick, or gravel, for foundations, piers, and such 
work where great strength is required; and breeze where light¬ 
ness is a consideration, as in ceilings, and covering work. The 
material for the aggregate is reduced or broken by hand with a 
tool called a “knapping hammer,” and also by means of stone¬ 
breaking machines driven mostly by steam power. It is a mat¬ 
ter of impossibility to evenly break the stone, and necessarily a 
variety of sizes, and also a quantity of very small pieces, which 
are reduced almost to sand, are produced. Screening is there¬ 
fore necessary to obtain pieces within a certain range of size. 
In the case of machine stone-breakers a screening apparatus is 
attached, so that the pieces of different sizes are separated. 
When broken by hand the stone is usually screened also by hand. 
The aggregate should be well washed, so that any extraneous 
matter may be removed. 

79. Size of the Aggregates —The gauge to which the stone 
or other material is broken varies according to circumstances, 
but mostly it is specified that the aggregate shall not be more 
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than ij 4 in. or 2in. in size. The Engineers of the Sewerage 
Construction Branch of the Department of Public Works, New 
South Wales, arrange in their specifications for blue stone to be 
broken so that the largest piece shall pass through a ring, ij4in. 
in diameter, and that it shall be screened on a sieve J^in. mesh. 
The Engineers of the same Branch Department specify that 
sandstone shall pass through a ring 2in. in diameter, and also 
be screened in the same manner as bluestone. Aggregates are, 
however, often made much larger in special cases, and for such 
purposes as pavements they are prepared so small that the larg¬ 
est pass through a ;ktin. ring. 

It is generally admitted by authorities that it is best to leave 
the “Shivers” or smaller pieces in, than to screen the aggregates 
so as to have them all of the one size—that is to say, it is 
better to have the aggregates ranging in size from what will just 
fail to pass through a %in. sieve, to i^in. or 2in., as the largest 
are specified to be. The argument in support of this being that 
the smaller pieces fit in between the larger ones, and so in a 
substantial manner aid to fill up the voids which would other¬ 
wise require to be altogether filled up by the matrix. 

It is a very important matter to accurately ascertain the 
percentage of the spaces or interstices between the aggregates 
for it is this percentage of space which determines the ratio of 
the volume of the matrix to the volume of the aggregate. The 
table here following gives percentages in several kinds of material, 
but experiments will have to be resorted to in most cases to 
find the percentage of void:— 

TABLE VIII. + 


Table showing ratio of interstices in Aggregate for Concrete. 


—---- 

■RATIO or INTERSTICES. 

Broken limestone, the greater part of which would be 
gauged by a 3in. ring. 

50-9 

Gravel screened (free from sand), small pebbles, and 
pieces gauged b} T a *2Mn. ring. 

33*6 

The above limestone and gravel well mixed in equal 
proportions. 

33*6 

r TSandstone varying in size between pieces gauged by ft 
4in. ring and pieces gauged by an Sin. ring. 

50*0 

Sandstone varying in size between sand and pieces 
gauged by a 4in. ring. 

34 0 

The above two sandstones mixed in equal proportions. 

30*0 


‘Portion of table by Santleman, p 218, Vol. CXXI., Trans. Inst. C. Engineers. 
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80. The Percentage of Void in any kind of aggregate may 
be determined by filling a vessel of one cubic foot capacity, with 
the aggregate, and then pouring water in, so that all the inter¬ 
stices may be filled. The quantity of water required to fill the 
interstices will show the percentage of void per cubic foot. 

81- The Matrix or Mortar. —The materials for and methods 
of making mortar have already been described, consequently it 
will at this stage be only necessary to deal with the question of 
proportion. It may, however, be noted that concrete is made 
with lime mortar as well as with cement mortar, though,, of 
course, cement is the most used on account of its great super¬ 
iority in the matter of strength and also hydraulicity. The 
author is aware of at least one large building just outside 
Sydney, the foundations of which are made with lime concrete, 
and it has answered quite well. There is also a house on the 
Blue Mountains, New South Wales, which has all the walls 
built of this lime concrete. These examples are only given to 
illustrate the fact that it is not only Portland Cement that may 
be used in making concrete. 

82- Proportion of Matrix to Aggregate —It is most im¬ 
portant that the matrix should thoroughly fill up all the voids 
or spaces between the aggregates, and not only that, but also be 
sufficient to get between the pieces of stone and cement them 
together. About ten per cent, is added to the percentage of void 
to ensure all voids being filled and sufficient mortar being pro¬ 
vided to cement the aggregates together. Another thing also 
which must be remembered is that the mortar when set is less 
than the bulk of the dry materials (see table VII). This 
percentage of contraction must be added to the percentage of 
void. 


To illustrate the above:— 

Let X = The percentage of void in any particular 
kind of aggregate. 

„ Y - The amount of excess (usually ten per 
cent.) to ensure presence of sufficient 
mortar to cement pieces together as well 
as fill all voids. 


Z The percentage of contraction of dry mater¬ 

ial when set into hard mortar. 

A = Total percentage of volume of dry materials 
of matrix to volume of aggregate. 


Then A X + V f Z. 
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The proportions for foundations and walls, roughly put,, 
may be taken as follows:— 

Aggregates (from y%\ n. to 2in.), 5 parts; sand, 2 parts; 
cement, 1 part. 

Aggregates (from J /s\n. to i}4in.), 4 parts; sand, 2 parts: 
cement, 1 part. 

83- Mixing of the Materials to make Concrete.—'The 
amount of each kind of material is determined by measuring 
in gauge boxes which are proportioned in capacity as the speci¬ 
fied relative quantities of aggregate and constituents of the 
matrix. To make this quite clear—let it be supposed that the 
relative quantities of stone, sand, and cement are represented 
by the ratio 4:2:1, and taking the cement box to be 4 cubic 
feet, then the capacity of the sand and stone boxes would be 8 
cubic feet and 16 cubic feet respectively. 

Builders generally please themselves as to the shape of these 
boxes, since the only important matter is that of correct pro¬ 
portional capacity; but by way of completing the above illustra¬ 
tion it may be as well to set down one arrangement of sizes which 
would provide for the above-mentioned proportional capacities— 

The cement box might be aft. x 2ft x ift. = 4 cubic feet. 

The sand box might be 4ft. x 2ft. x ift. = 8 cubic feet. 

The stone box might be 4ft. x 4ft. x ift. = 16 cubic feet. 

The process of ganging and mixing is carried out on a sawn 
timber platform as follows:—The stone box is first filled with 
stone and then emptied, and the stone spread out so as to be 
level at the top. The sand box is then placed on top, is filled 
and emptied, and the sand heap levelled out in the same manner 
as the stone. The cement box is next placed on the sand, filled 
and emptied. The whole heap is then completely turned over 
from its position to another one on the platform and then back 
again. Water is then gently sprayed on to the heap while it is 
bein 0- twice again turned over on the platform. Care is to be 
exercised that too much water is not used, for excess washes 
away the fine and useful cement, and is otherwise injurious as 
pointed out in article 54 ante, and there should not be more 
water in the concrete than shall just show moisture on the 
surface when rammed. 

The foregoing is descriptive of the process as accomplished 
by hand power, but (as in the case of mortar making) there are 
many kinds of concrete mixing machines which are thoroughly 
effective as mixers, and also are—where there aie latge quan 
tities of concrete to he mixed—very economical. Concrete 
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should not be made up on a windy day, for the wind removes a 
great portion of the fine cement. 


84- Laying Concrete. —The concrete should be mixed near 
where it is to be used, and then put in its place as quickly as 
possible—at any rate, it should be laid and rammed before set- 
* m g commences. It is usual to remove it in barrows, or skips,, 
from the mixing platform; and the “tip” or fall from the bar- 
row or skip should not be more than i8in. or 2ft.—with a greater 
fall the heavier portion, such as the stone, has a tendency to 
get to the bottom of the body of the concrete, and thus destroy 
its uniformity of composition. After tipping from the barrow 
•or skips it should be shovelled out, trodden, and rammed. Con¬ 
crete is not laid in greater thickness than in layers 9m. or I2in. 
at a time. These layers should be perfectly horizontal, should 
be accurately set, and the surface of each should be thoroughly 
clean and wet before laying the next. Concrete should be pro¬ 
tected, until fully set, from the effects of the sun; and rain should 
not be allowed to fall on it until after the initial set has taken 
place. 


85 . Strength of Concrete —Table IX, here following, has 
been compiled from valuable and interesting information con¬ 
tained in three tables,* showing results of experiments by Mr. 
John Grant, M.I.C.E., as to the strength of concrete. The 
quality of Portland Cement has improved .since these tests were 
made, and experiments made with similar aggregates, and under 
equally skilful supervision, would,, it is certain, give much higher 
results. 


TABLE IX. 

Showing Strength of Concrete Blocks. 

The size of each block was 12in. x 12in.; and the concrete composing each was well rammed 

or compressed. 

Cement weighed when sifted, 110-60 lbs. per imperial striked bushel. After seven 
days in water neat cement broke at 427 lbs. per square inch. 


Materials for aggregates which 
it is presumed were so broken 
fas to contain a percentage oli 
pieces sufficiently small to make 
enough sand to mix with cement 
to form matrix. 

Weight in tons which crushed the blocks. 

Proportion 0 to 1. Proportion 8 to 1. 

Proportion 10 to 1. 

Kept in 
air. 

Kept Kept in 

in water. air. 

Kept 
in water. 

Kept in 
air. 

Kept in 
water. 

Ballast. 

Portland Stone 

Granite .. . 

Pottery .. • . 

Slag .. ». 

Flints 

Glass . 

80*50 
j 118-00 
i 113*20 
100 20 
! 110-50 

j 116-00 
90*00 

91 00 61*60 

138*50 110*00 

06-50 73-80 

136*50 07*50 

111*00 85*20 

126*00 103-60 

112*60 65*00 

76 00 
126-60 
84-00 
118-00 
70-00 
117*50 
94*00 

48*60 

7*2*60 

49*80 

90*00 

60-00 

70-00 

53-00 

48-00 

78-00 

60*50 

100-00 

52-00 

98*00 

75*00 


*See Tables IV., V., and VI., page 297 > Vol. XXXII., Trans. Inst. Civil 

Engineers. 


t Whether this was so, or not, was not made clear in the description of the experiment. 
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TABLE X. 


Showing results of tests made in concrete beams at the Sydney Technical College. 


Composition of beams. 






No. 

Metal. 

Ashes. Sand. Cement. 

! 

Depth 
in inches. 

Breadth 
in inches. 

Span 

in inches. 

Age when 
tested in days. 

Breaking 
load in 
lbs. 

1 4 

r 

— 2 1 

4-93 

8.5 

48 

230 

1200 

2 : _ 

4 2 1 

6*25 

8 625 

48 

230 

1210 


The tests were applied at t he centre of the beams in each case. 


TABLE XI. 


Table showing Compression Tests made on Cubes of Ash Concrete at Sydney Technical College. 


No. | 

Sizes of Cakes in 
inches. 

1 loiler 
Ashes. 

Composition. 

Sand ! 

Cement. 

Age in Days 
when tested. 

Crushing Load 
in lbs. per 
sq. in. 

1 i 

6 x 6.12 x 

6.19 

1 » 

1 

1 

290 

1300 

2 

6.28 x 6.0(5 x 

0 

3 

j 1 

1 

238 

987 

3 ! 

6 (Hi x 6.31 x 

6.19 

3 

1 

1 

237 

1133 

4 i 

6.06 x 5.89 x 

6.25 

6 


1 

260 

393 

5 1 

0.12 x 6.18 x 

6.11) 

6 

! — J 

1 

246 

440 

6 i 

0.09 x 6.00 x 

6.22 

6 


1 

246 

486 


86. Reinforced Concrete —The results of tests on concrete 
beams given in Table X. will show what little weight-bearing 
power this material has when subjected to the bending stresses 
resulting from transverse loading. A floor slab or beam, by its 
own weight, together with its load, is so stressed that the upper 
portion is on compression and the lower part in tension. 
Concrete is very strong in compression, but comparatively 
very weak in tension, consequently the lower portion of the 
beam soon opens out and collapse ensues. Of course, the beam 
or slab could be designed to carry the load, but unless the load 
and span were very small, the size of the beam or slab would be 
inconveniently large, indeed, very probably too large for prac¬ 
tical consideration. If, however, a material strong in tension 
could be combined with the concrete so as to strengthen it 
against tensile stress, the case would be altogether altered. This 
is exactly what has been done in recent years. Steel has been 
used in conjunction with concrete to reinforce it, and the com¬ 
bination bids fair to revolutionise modern building construction. 
The diagram. Fig. 17, is an isometric sketch, showing portions 
of columns, beams and floor, as constructed of reinforced con¬ 
crete. It also shows the “false work” to support the concrete 
until set. Fig. 18 is a view of a building of reinforced concrete 
in course of construction. 

87. Calculations for Strength of Reinforced Concrete 
Beams. —The following is a brief description of the principles 
involved in the calculation of the proper proportions of concrete 































AUSTRALIAN BUILDING PRACTICE. 


47 


and steel in the design of reinforced concrete beams. The 
student is recommended to read the chapter in the latter portion 
of this book on the design of girders, with a view to understand¬ 



ing the bending moments and moments of resistance, before 
proceeding with the study of what is to follow in this chapter. 

Fig. 19 is a diagram of the section of a reinforced concrete 
beam. A is the area of the steel in tension, and the triangle OST 
the effective area of concrete in compression. 

The force of the effective area in compression of the concrete 
acts through its centre of gravity CG on the diagram. 

Likewise the force of the steel acts through its centre of 
gravity. 
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These two forces should be equal and opposite, in which 
case they would form a couple, the lever arm of which is the dis¬ 
tance Iv between them. The moment of the couple will be the 
moment of resistance of the beam. 



Fig-. 18 . 


The leverage K of the couple for all ordinary percentages 
of reinforcement will be found to vary very little from .86 of the 
distance h of the centre of the steel from the top of the beam. 
Assuming that there will be sufficient concrete to resist com¬ 
pression, it will only be necessary to multiply the force of the 
steel by .86 h to determine the moment of resistance. The 
force of the steel will be its area A in square inches multiplied 
by the safe stress f in lbs. per square inch. 

Consequently MR = -86 hAf. 

f may be taken as 16,000 lbs. 

So that MR = *86 hA 16,000. 


Provided that the area of the steel does not exceed 1 per 
cent, of the total area of concrete of the section, there will be 
sufficient concrete to resist the compression, on the assumption 
that the quality of the concrete is not less than will allow of a 
safe stress of 500 lbs. per sq. inch in compression. In case it 
becomes necessary to ascertain if there be sufficient concrete, 
the area of the triangle OST must first be found. The distance 
t = h - k. Since k =* -86 h, t will be *14 h. The altitude 
OB of the triangle OST will be 3 t or 3 x *14 h, and its base 


will be ST or b. The area will consequently be 


3 x '14 h b 


This 



AU STR AI A A N r BUILDING PRACTICE. 


49 


area must be multiplied by the safe stress c of the concrete pei\ 
sq. inch in compression. The force of the concrete against com¬ 


pression 


will therefore be ^ * '4 ^ h c 

2 


and should equal the 


tensile force Af of the steel. If the calculation shows the force 
of the concrete to be less than that of the steelj the beam or slab 
would fail in compression. 

As before noted it will be found for good concrete, such 


5 B T 




f-b -1 


Fig. 20. 


as made with basalt shivers, that there will be plenty of compres¬ 
sion resistance if the steel does not exceed i per cent, of the 
total area of the concrete in the section. 

Assuming that the conditions in this respect are satisfactory, 
the next step will be to equate the Moment of Resistance of the 
beam with the Bending Moment due to the load. The bending 


moment for a distributed load will be 


WL t 

where W total 

8 


load in lbs., and L the span in inches. 
The equation will be— 


W L 

8 


•86 h A 16000. 


from which 


W 


8 x 86 li A 16000 
L 


E 
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Example of the application of the formula :— 

Fig 20 is a section of a beam, of which 
A = Area of steel = 1.58 sq. inches, 
h = 12 inches. 

L = span =120 inches. 

8 x -86 x 12 x 1-58 x 16,000 

Then W = —---* 

120 

= 17=39* lbs. 

Less weight of beam 1,197 »* 


16,195 lbs. safe distributed load. 

It will be noticed that the beam is T shaped; this has been 
done to make the area above the N.A. sufficiently large to resist 
compression; that is, it should be enough to make when added 
to the rib an area of which the steel shall not be more tdian 
1 per cent. The portion b l of the beam is composed of portions 
of the floor on each side of the beam, which, while acting as 
parts of the floor, are also considered as useful portions of the 
beam. The amount of the floor slab which may be taken as 
part of the beam is, however, limited to certain proportions, as 
follows:— 

The width of the upper portion must be proportioned 
Not greater than 5 b. 

„ mm 8 a + b. 

„ „ „ 1/5 of span of beam. 

„ ,, „ l /2 distance between it and next beam. 

The design is, however, not completed when provision has 
been made for an equality of strength in tension and compression 
in the lower and upper portions of the beam respectively, for 
it has been found that beams which have had a proper propor¬ 
tion of steel in the lower part have been found to fail near the 
points of support as shown by the diagram, Fig. 21. This failure 
is due to diagonal tensile stresses, resulting from the vertical 
and horizontal stearing forces in the beam. It therefore be¬ 
comes necessary to insert metal to resist these diagonal stresses. 



Fig. 21. 
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88- Diagonal Stresses in Concrete Beams. —There are 
various methods of providing against these diagonal stresses. 
Sometimes the horizontal tension members are raised at the ends, 
as shown at A., Fig. 22. The raising of the horizontal tension 



Fig. 22, 


members is also done with a view to meeting the top bending 
near the supports, when the beam or slab is continuous over the 
supports. A better way of meeting diagonal stresses, shown at 
B, Fig. 22, consists in putting stirrups vertically. The best way, 
however, is to provide direct resistance by inserting diagonals,, as 
illustrated at C, Fig. 22. The diagonals should be connected 
rigidly with the horizontal tension rods, otherwise slipping 
will take place. 

The method of determining the vertical and horizontal 
shearing stresses in a beam is described in the chapter on the 
design of Timber and Steel beams, to which the reader is re¬ 
ferred. There it is pointed out that the intensity of shearing 
stresses in vertical and horizontal directions is the same in any 
particular beam, and that these stresses cause diagonal stresses 
at 45 0 of equal intensity, but, of a tensile character, in the 
diagonals going from the bottom towards the supports of the beam 
and compressive in those having the opposite direction. It 
will, therefore, be necessary to determine the intensity of ver¬ 
tical shearing stress, and, taking this intensity as a tensile stress 
at 45°, provide for sufficient steel diagonally to resist it. 
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The shear stress in a beam with a distributed load diminishes 
W 

from at the point of support to nothing at the centre, so that it 

is usual to place the diagonals only some way from each end 
of the beam. 

The diagonals should be connected rigidly with the horizon¬ 
tal reinforcement members, otherwise slipping will take place. 


89- As an Example, take the beam in the example given 
above. The shear at the points of support will be— 


W 


! 739 2 


8696 


lbs. 


The shear per foot will be found by dividing the shear stress above 
by the depth of the girder in feet. 

The depth in this case is 1 foot, hence the shear per foot 
will be the same as'the total shear, namely, 8696 lbs. The diagonal 
tensile stresses will be the same, and must have sufficient steel to 
resist them. The safe tensile stress per sq. inch of steel is, as 

8696 

before noted, 16,000 lbs., so that j(x)OQ = *543 s q- in. of steel 

diagonals in each foot near the ends of the beam. 

90. Continuous Beams. —If the beam be continuous 

WL 

over supports, the B.M. would, however, be so that W = 

10 x 86 h A 16000 . 

-j-, but 111 this case top reinforcements must 

be put in over the supports, about .4 of the span in length, and 
of an area .25 that of the steel in the lower part. Fig. 23 is a 
diagram showing top reinforcement for a continuous beam. Top 
reinforcements are also indicated in the upper portion of the 
girders in Fig. 17 



Fig. 23, 

Floor slabs are calculated in the same way as described for 

WL 

beams, but if supported at all four side?, the B. M. ^ , and 

WL 


if built continuous over all four bearings, the B.M. — 


24 
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Fig. 24. Fig, 25, 

91. Reinforced Concrete Columns. —The reinforcement of 
columns may consist of 4 longitudinal rods bound together by 
wire ties spaced at intervals, as shown in Fig. 24, or it may 
consist of longitudinal rods, generally 6, surrounded with spiral 
hooping, as in Fig. 25. 

The spacing apart of the ties should not be more than 24 
times the diameter of one of the longitudinal rods. Towards the 
ends of the columns the ties should be spaced so that gradually 
the distance apart is reduced until the last are 6 diameters apart. 

The safe loads for columns which are so proportioned that 
the least side of cross section is not less than 1/15 of the clear 
height, may be computed as follows:— 

Assuming that the steel will stand a safe stress of 7500 lbs., 
and concrete a safe stress of 500 lbs., and 
w safe load on column, 
b = one side of cross section, 
d — other side of cross section, 
c safe stress in concrete in lbs. per sq. 
total area of steel reinforcement. 


inch. 


A 

Then w 


(b d A) + 14 A. 
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The following is an example— 

Find the cross section of a column 12ft. 6in. clear height. 
The least side of cross section must be not less than 1/15 of 
the clear height. 

12 ft. 6 in. 

then -= 10 in. 

1 5 

The column may therefore be ioin. x loin, in cross section. 
Assuming the combined area of the 4 longitudinal rods to be 
1.64 square inches. 


Then \v 


500 


(10 x 10 


1 *64) 4 14 x 


1 94 


= 60660 lbs. 


92 - The Aggregate for Concrete Steel Construction 

should be of a size that will allow of the largest pieces easily 



Mg. *20. 

Photograph ok Blce-Metal “Shivers” Aggregate. 
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passing between the pieces of steel and between the latter and 
the centering. 

Generally the largest pieces of the aggregate should not be 
larger than what will pass through a yin. diameter ring, and 
the pieces may vary from y%\ n. up to this size. All below *4 in. 
must be classed as sand. The basalt known as blue metal makes 
an excellent aggregate when broken to what is called “shivers.” 
See Fig. 26, which is a photo, of this kind of aggregate. The 
proportion should be determined as hereinbefore described,, but 
as a rule 4 aggregate : 2 sand and 1 of Portland cement will be 
found satisfactory. Boiler furnace ashes are much used for 
floor slab construction. The ashes as received from the furnace 
are sifted on a J^in. mesh wire. What fails to pass through is 
the aggregate (see Fig. 27). The fine stuff which passes 



Fig. 27. 

Photograph of the Ash Concrete Aggregate. 

through is used instead of sand. The proportions are:— 
Aggregate, 4 parts; fine sifting, t part; cement, 1 part. The 
greatest care must be taken to ascertain by frequent testing that 
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the quality of the cement is satisfactory. The steel of the re¬ 
inforcement must also be tested. The concrete is laid in boxes 
for columns and girders and on centering for floor slabs and 
roofs. These boxes and centres must be built with extreme care 
exactly in position, so that the columns shall be upright and in 
line, the beams straight and level, and all floors also level. The 
boxes and centres must be well braced and supported, so that 
no bulging or sagging will take place when the concrete is ram¬ 
med into or on them. The centering must also be jointed tight 
enough to keep the liquid cement from getting through. 

Fig. 17 gives an isometric view of some “false work” to 
support the concrete. The column boxes or moulds are formed 
with boards i^iin. thick, held together at intervals of about 24111. 
with cramps composed of 4m. x 2in. pieces, and J4in. bolts, as 
shown by CR. The cases or boxes for the beams are also 
made of i*4i n - boards, supported at intervals of about 6 feet, 
which in turn are supported by uprights from the ground or 
from the floor beneath. The needles also support plates on 
which rest the joists to support the i^in. boarding, or centering 
for the floor slabs. The whole of the false work must be 
put up without nailing, to allow of being removed without 
shock to the concrete. 

The steel must of necessity be accurately placed in position 
and retained there, so as to conform with the dimensions of depth 
and distance on which the calculations were based. Centering 
should not be removed before at least two weeks after the lay¬ 
ing of the concrete. Test loads on floors must not be imposed 
until two months have elapsed after the removal of the centering. 

So much depends on the proper making and fixing of the 
false work, the placing of the steel in position, and the just 
measuring of the constituents, and the mixing and laying of 
the concrete, that the most expert supervision is constantly needed 
if the construction is to be successful. 

93. Kinds of Steel Reinforcement. —There are many dif¬ 
ferent kinds of reinforcement in use. Many architects use round 
steel rods of requisite area of cross section for the various places 
in columns, beams and floor slabs, where the reinforcement is 
needed. There are, however, many special types of reinforce¬ 
ment, covered by patents, which are extensively used. One of 
the best known is the Kahn Bar, which is shown by Fig. 28. 
As will be seen by the illustration, the diagonal tension bars are 
rigidly connected with the horizontal tension bars. This system 
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meets in a very practical way the various stresses which are 
developed in a concrete-steel column, beam or door slab. 

The bars are made in various sizes of cross section and 
lengths, and with varying numbers and lengths of diagonals. 



Fig. 28. 


Another reinforcement is the triangular wire mesh reinforce¬ 
ment, a piece of which is illustrated by Fig. 29. This consists 



of longitudinals, each of which is composed of 3 stout wires 
twisted together. The longitudinals are spaced about 4m. apart, 
and connected with cross wiring diagonally placed so as to form 
a series of triangles. A lighter -kind is made with only one wire 
instead of 3 for the longitudinals. Both kinds are made in lengths 
about 50 feet long and 5ft. wide, it makes a very excellent re¬ 
inforcement for floor slabs. 
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Fig. 30. 


Expanded metal, shown by Fig. 30, is also a very well-known 
form of floor slab and roof reinforcement. It is sheet steel of 
high quality sheared at intervals over its surface, and pulled 
out to form a diamond mesh. It is sold in sheets of different 
degrees of stoutness, each having a distinguishing number. Fig. 



Fig- 3i- 
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3ijis a view of a building in course of erection, in which this 
material is shown in use, for reinforcing the floor slabs. 



Fig 32. 

Fig. 32 shows Johnson’s wire lattice reinforcement. This 
material is composed of longitudinal wires held together by 
cross wires. This reinforcement is made in rolls of any 
length required, and of widths up to 8ft. 6in. The wires 
are of various gauges to suit different requirements. 
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CHAPTER IV. 


BRICKS. 

94 . Olay, from which bricks are made, is one of the 
products of the decomposition of rocks which contain aluminous 
minerals, such as granite, gneiss, mica, slate, and most kinds 
of basalt and trachyte. Rain water, acids in the atmosphere, 
sea waves, and such other agents,of denudation are always caus¬ 
ing decomposition of rocks, and the particles disturbed are 
carried off in suspension by the water, and finally deposited either 
on the sea-beds, in the estuaries of rivers, or on the banks of 
the latter during their over-flow. 

The immense beds of clay accessible at the present time 
have been accumulated by such means, and, owing to geological 
disturbances and adjustments have been elevated to positions above 
the level of sea, lake, or river. Generally these beds are of a 
yellow to reddish colour,, and loose formation at top, with a ten¬ 
dency to white and compactness as the depth increases, while at a 
great depth below the surface they become a bluish grey compact 
shale. The reddish colour at the surface is due to the iron 
contained in the clay becoming oxidised through the action of 
surface water and atmospheric influence. There are, of course, 
cases where iron is practically absent, and hence a white colour 
at the surface. 

95 . Pure Olay, or kaolin as it is called, is a hydrated 
Silicate of Alumina; and, of the constituents of the rocks par¬ 
ticularised above, the one that yields this pure clay is felspar r 
which is a Silicate of Alumina plus a small quantity of alkalies,, 
which are leached out during weathering or decomposition. 
Clay is, however, rarely found in a pure state—indeed, only in 
such cases where the felspar has been decomposed in situ , for, 
during the translation by water the particles become associated 
with impurities such as lime, magnesia, iron oxide, organic 
matter, etc. Clay, therefore, is a material composed mainly of 
silica and alumina, with water for hydration, together with smalt 
proportions of metallic oxides, lime, alkalies, etc. 

96 Table XII. gives the chemical composition of samp¬ 
les of some Australian clays, and also of pure Kaolin and Stour¬ 
bridge fire clay. 
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97- A great deal depends upon the relative proper pro¬ 
portions of the essential constituents, and on the absence of more 
than a certain maximum amount of those which have an injuri¬ 
ous tendency. Hence it will not be going outside the legitimate 
scope of these articles to enter into some explanation as to the 
character and functions of each of the various constituents. 

98. The essential constituents are, as before stated, 
Silica and Alumina. Lime, magnesia, iron oxide, and alkalies 
are, however, generally met with, and are under certain condi¬ 
tions useful, as will be explained later on; but, in excess, these 
bodies are injurious. 

99. Iron Pyrites, common salt, and organic substances are 
frequently found in brick clays, and are all injurious in direct 
proportion to the quantities which may be present. 

100- Silica (oxide of silicon) is essentially an acid oxide 
infusible unless in the very highest temperature, and occurs in 
three forms:—Crystalline, or quartz; amorphous or flint; and in 
combination with other bodies. It exists in a state of combina¬ 
tion with Alumina as Silicate of Alumina in all clays; and in most, 
also, in a free state, as flinty quartzose grains known as sand. 

S 

101 - Alumina (oxide of aluminium) is practically infusible. 
Like Silica, it occurs in great abundance, and forms an essential 
constituent of brick clay. The paste formed by mixing it with 
water is very plastic, and shrinks very much if dried and heated. 

102. The Combination of Silica and Alumina forms the 
Silicate of Alumina, which, when hydrated, is the pure clay or 
kaolin. This Silicate of Alumina is very refractory, and becomes 
very hard when subjected to heat; but it shrinks very much, and 
consequently bricks made from it are twisted and warped out of 
shape. An excess of alumina only increases the shrinking and 
warping tendencies. On the other hand,, as the quantity of 
Silica is increased so is the liability to shrink reduced, while the 
refractory properties are in no way interfered with. Whatever 
quantity there may be, free, and in excess, will be in the form of 
quartzose or flinty sand, and the more there is the more brittle 
will be the substance of the brick. It follows, then, that silicious 
sand may he added to “strong” or pure clay to prevent the 
warping and twisting due to shrinkage, so that a shapely brick 
may be produced; but at the same time it must be remembered 
that the brick will lie of a crumbling and unstable nature, because 
the heat has no power to even partially melt the grains of sand 
and produce adhesion throughout the mass. A brick should have 
the constituent bodies consolidated into a partially vitrified mass, 
so that, while being shapely, it shall lie thoroughly hard and 
compact. 


TABLE XII. 

Chemical Analysis of Brick Clays. 
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103. The most powerful basic bodies, such as alkalies and 

oxides of iron, combine readily with Silica, and the silicates so 
formed when exposed to high temperatures become vitreous. 
Silica also combines with lime, and under the action of great heat 
vitrification takes place; but not to such a great extent as in the 
case of the bases before mentioned. Alkalies, oxides of iron, and 
lime are therefore useful as fluxes to produce the vitrification 
necessary for a hard brick, and when not present naturally, one 
or the other may be added. There is, of course, a limit to the 
quantity, because too much of these fluxes produce the very worst 
results, for instead of bringing about a partial vitrification, an 
excess causes the whole mass to melt, run, and become shapeless. 

104, Owing to the number and varying proportions of the 
constituents of ordinary brick Clays, many extremely complex 
compounds are formed. In the articles immediately preceding 
this a pure or “strong” Clay was described, and the author 
pointed out that though very refractory, it was liable to warp and 
twist, and that this troublesome tendency could be overcome by 
providing an excess of silica in the form of sand—an improve¬ 
ment which, however, was in a great measure counterbalanced 
by the disadvantages attending the friable and crumbling brick 
which would result. But this defect could, it was stated, be 
avoided by providing also for the presence of some materials 
which would render the silica and alumina more fusible, and so 
partially melt and form into a semi-vitreous mass. So far so 
good; but it is by the presence of these necessary additional 
bodies, together with impurities which practically are impossible 
of avoidance, that serious complexity occurs. 

105* As before stated the Silica is ready to combine with the 
basic bodies such as potash, soda, the oxides of irou, lime, mag¬ 
nesia, and alumina. Moreover, some of the oxides of the earthy 
metals are among themselves likely to combine. Compounds 
are consequently formed, the exact behaviour of which, under 
the influence of heat, it is not an easy matter to determine, and 
cannot very well be entered into here. A general notice of some 
of the main points connected with these compounds is, however, 
unavoidable. 

106. A compound of silica with one base is much more 
difficult to fuse than a compound of silica and two or more bases. 
That is to say, a double silicate of lime and alumina is more easily 
fused than a silicate of alumina; and so on. Again, the bases 
differ as to their power of causing fusion, as follows:— 

Commencing with the most powerful, and proceeding in 
order:—Alkalies, oxides of iron, lime, magnesia, and alumina. 
Moreover, the power to cause fusion of the fluxing bases, such 


64 AUSTRALIAN BUILDING PRACTICE. 

as alkalies, oxides of iron, and lime varies as the proportions of 
the other earth oxides differ. For instance, oxide of iron causes 
fusion at a comparatively low temperature if the silica and 
alumina be in equal proportions. 

107 - Impurities of a useless and more or less dangerous 
character which are commonly found in brick Clays are iron 
pyrites, pebbles of carbonate of lime, organic matter., and com¬ 
mon salt. 

108 Iron Pyrites f bisulphide of iron) is often found in clay 
^-mostly in shale. This substance is very hard, and has a 
brassy-yellow color. It should be removed from the clay, for 
if left it is very likely that only partial decomposition will take 
place during the burning process, and oxide of iron and basic 
sulphides of iron remain, so that afterwards, when exposed to 
air and moisture, an extension of oxidation takes place, sulphides 
of iron are formed, and possibly also the sulphur will attack the 
lime, forming sulphate of lime. Oxidation causes an increase 
of bulk, the sulphates in forming crystallise, and these actions 
split the brick and disintegrate it. 

109. Limestone Pebbles are a fruitful cause of trouble if 
allowed to remain in the Clay, because during burning the CO2 
is expelled, and the pebble is turned into a lump of quick-lime, 
which will slake directly the brick is subjected to the action of 
moisture, and splitting will result. 

110. Organic Matter, if not completely destroyed by the heat, 
causes, in many cases, the exudation of compounds of a soluble 
nature which discolor and disfigure the surface of the bricks. 
The presence of organic matter is very objectionable and should 
be avoided. 

111. Common Salt is generally found in more or less quantity 
in Clays of marine deposition. It is a very objectionable im¬ 
purity, possessing, as it does, the power of fluxing in the highest 
degree, and it is on that account impossible to burn clay contain¬ 
ing it into hard bricks. 

112. The proportions of the various Constituents in any 
kind of Clay are s of course, shown by chemical analysis, but the 
information thus obtained is not alone sufficient for all practical 
purposes, because the analysis does not clearly show the kind and 
extent of the combinations formed by the different bodies. As 
an illustration of this, take the case of silica. A chemical 
analysis will show the exact quantity present, but it does not 
show how much is in the state of sand, and what quantity is in 
combination with other constituents. As explained in connection 
with cement analysis, an experienced chemist may be able to 
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make a fairly reliable calculation as to the kind and extent of the 
combination by an inspection of the analysis; but in the case of 
Clays, at any rate it has been so far the rule, that in addition to 
the chemical analysis, a careful microscopic examination together 
with trials of the Clay have been necessary to arrive at a just 
estimate of the value of a Clay for making and burning into a 
shapely and hard brick. 

113. Concerning the analysis, it may in a general way be 
taken that for good ordinary bricks the silica may range from 60 
to 70 per cent., and the alumina from 18 to 24 per cent.; the 
balance of the other constituents in no case being over 16 per 
cent. The silicates should however, not be over 4 per cent, of 
the whole clay. In the table XIL, examples of English lire Clay 
and kaolin (Nos. 10 and 11) have been inserted to form a basis 
of comparison with some of the Colonial Clays. The represen¬ 
tative range of the Australian Clays is not as satisfactory as it 
might be, owing to the difficulty to get records of tests; but those 
available, and inserted in the table, have been made by exper¬ 
ienced and able analysts in the official service of the Provinces 
indicated, and>, so far as they go, may be taken as reliable. Nos. 

1 and 3 are very “strong” Clays, and would be liable'to shrink; 
obviously sand would be needed in making bricks from these 
Clays. No. 2 was experimented with, and stood a very high 
temperature successfully, as would be expected from the large 
amount of silica and the small quantity of fusion-causing materials. 
Examples 4, 5, and 8, contain too much iron oxide to allow of 
being burnt into good bricks. No. 5, is especially poor, and is 
inserted to illustrate a really bad Clay. A trial was made with 
No. 6, with the result that a fairly hard, reddish-colored brick 
was obtained; * it, however, contains about the limit of the consti¬ 
tuents other than silica and alumina. 

114. Color of Bricks. —T he impurities contained in the brick- 
clay have an important influence on the color when burnt, but 
the conditions surrounding the burning also have much to do 
with the appearance of the finished brick, and to produce any 
particular color, the method of burning as well as the constitution 
of the clay must be taken into consideration. It is<, unfortunately, 
not the general rule with Colonial brick-makers to scientifically 
deal with the question of color, for most of them are content to 
proceed by rule of thumb methods which are the results of their 
local experience; and anybody who has had to do with obtaining 
supplies of bricks of any particular tint knows how uncertain and 
unsatisfactory these methods are. 

115 . Bricks may be produced ranging from white to black, 
and from cream, buff, brown, all kinds of red, to dark blue and 
purple; and it should be possible, with the aid of careful exam- 
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ination of the clays at hand and judicious mixing, to produce 
any number of bricks of any particular tint of these colors. 

116- Iron Oxide has a great deal to do with the color, for 
it is very seldom altogether absent from brick clays, and by its- 
influence principally, cream, yellow, orange, light red to dark 
red, dark blue and even black are produced. Lime in conjunction 
with iron has also an important part to fulfil, and where naturally 
not present is often added; but care is always taken that it is- 
supplied in a very fine state to prevent trouble as explained in 
Article 109 ante,. 

117. Description of Coloring Constituents. —A necessarily 

brief description of the constitution of the clays to produce white 
and the various coloured bricks is given below:— 

(a) White.—Clay containing iron and small quantities 
of other impurities, with a fair amount of lime added 
to it, will burn into white bricks if subjected to a 
high temperature, which causes the formation of a 
ferri-alumina-calcic silicate, in which combination 
the red color of the iron oxide disappears. The 
pure clay or kaolin will burn into a white brick, 
but, as before pointed out, it is liable to warp and 
twist in the kiln. The method adopted to overcome 
the warping is as follows:—A certain large propor¬ 
tion of the clay is mixed up and burnt into ballast,, 
after which it is ground up and added to the raw 
clay. The whole is then worked up, moulded into 
bricks, and finally burnt. 

1 b) Cream.—Clay containing a fair amount of iron 
oxide, with lime added, but not burnt at such 
high temperature as in the case of white bricks. 

(c) Yellow.—Clay with a little lime, and fairly large 
amount of iron oxide, fired at a moderate tempera¬ 
ture. 

(d) Brown.—Clay containing 3 to 4 per cent, of mag¬ 
nesia. 

(e) Light Red to Full Red and Dark Red.—Clay con¬ 
taining oxide of iron, with lime altogether, or prac¬ 
tically, absent. The degree of red increasing as 
the temperature is raised. 

(f) Dark Blue and almost Black.—Manganese in pres¬ 
ence of iron oxide, or iron oxide present to the 
extent of more than 10 per cent., gives a dark pur¬ 
ple blue when fired at a high temperature. 

(g) Light Blue.—Pure clay with phosphates of lime and 
alum added. 
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The fancy colored bricks are burnt in close kilns, and good 
qualities of attractive color are got from open kilns; but the 
common brick, from the now almost generally used patent con¬ 
tinuous kiln on the Hoffman principle, is of a pale and uninviting 
color, due it may be suggested either to the bleaching 
action of the aciduous fumes in the close chambers, or to the 
possibility that the oxygen admitted is sufficient only for the 
needs of combustion, so that oxidation of the iron does not take 
place, for it may be noted as a significant fact that bricks of 
the same constitution put in the old kiln burn a strong red color. 

118. From the foregoing it will be seen that the impurities, 
such as lime and the metallic oxides, which are contained in 
the clay, are the cause of the color of the bricks when burnt, 
but it may be noted that, except in some cases, they effectually 
produce the desired color without requiring to be present in 
sufficiently large quantity to prevent a sound and durable brick 
being produced. The production of a light cherry-red color is a 
case in point, however, where the color requirements prevent a 
very hard brick being made, for the iron has to be present in 
fairly large quantity and the temperature of burning cannot be 
high, consequently a hard brick is impossible. 

119- Enamelled Bricks. —It is now the custom to largely 
use white enamelled brick for such purposes as the facing of 
walls of ill-lighted rooms, like cellars, and for walls of light areas 
to increase their effectiveness, as well as for lavatories and such 
other places, where cleanliness in reality as well as in appearance 
is a matter of importance. White enamelled bricks are not, 
however, the only kind used, for in external brickwork of an 
ornamental character enamelled bricks of various colors are often 
used. The glazing, or enamelling on the bricks is produced in 
much the same manner as that on pottery—by immersing the 
faces to be glazed in a glazing composition which is in a liquid 
form, and then reheating them until the composition fuses and 
forms a glassy surface. There are many kinds of glaze compo¬ 
sitions, but the following, see Table XTIL, by Mr. W. D. Clark, 
v. ill be found as good as any, provided that judgment and care 
are exercised in their use. It may be mentioned, that the bricks,, 
which of course are of first-class quality, are burnt in the or¬ 
dinary way before applying the glaze. 

120. Brick-Making The production of bricks may be 
carried on with a very small and unpretentious plant—a pick and 
shovel, rough made moulding table, moulding tools, drying shed,, 
and an old-fashioned open kiln ; but in populous districts where 
a large amount of building work goes on, the plant, consisting 
of building machinery and patent kilns, generally represents a 
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TABLE XIII. 

Showing Composition of Glaze for Enamelling Bricks. 

In each case the constituents to betaken together in a retort and calcined, then reduced to powdf 
and mixed with water to the constituency of cream. To be applied by immersion therein 
or with a brush. 

Constituents and Parts hy Weight. 
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Compiled from text, page 78, “ Bricks, Tiles, and Terra Cotta” (Davis). 


capital outlay of many thousands of pounds, because in the case of 
brick-making, as in almost everything else, the introduction of 
machinery, and the results of invention, have made a great change 
in the methods of production, so that the old time style of making 
by hand is gradually disappearing, and in the cities and large 
towns hardly anything else but machine-made bricks are supplied. 
Before passing on it may, however, be noted that amongst build¬ 
ers of conservative tendencies there is the constant complaint, 
that the bricks made by machinery at the present time are not 
nearly so good as those made in the old days by the hand process; 
but there is nothing to support this contention, as the evidence 
afforded by comparative tests shows that the bricks now made 
by machinery at many of the establishments have for all round 
-qualities never been equalled by hand-made bricks. 

121- The Methods of Manufacturing Bricks may be classi¬ 
fied under two heads, viz.:— 

(1) Wet Clay, or plastic process. 

(2) Dry Clay process. 

122 . Wet Clay is, of course, used when bricks are made by 
hand power, but machines for making bricks with wet clay pre¬ 
ceded those on the dry clay system, and are still extensively used, 
even in brick works which are conducted on a large scale. 

The manufacture of bricks by hand power alone is, as pointed 
out before, almost entirely a thing of the past; but it is impossible 
to pass on to the description of the modern methods of machinery 
without briefly dealing with the old fashioned way of making 
bricks, for under certain circumstances at the present time—as 
for instance away out in the “back blocks”—it is only necessary 
to make on a very small scale and machinery is unnecessary. 
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123 - Bricks Made by Hand. —The clay after being’ excavated 
is spread out and allowed to remain exposed to the disintegrating 
effects of the weather By this means pebbles of limestone, and 
iron pyrites are decomposed. It is next turned over and over, 
and well worked until it is in the condition of a plastic mass. 
The sand which is largely used when making bricks by hand, 
is added during the latter process. When properly tempered 
and ready for being made into bricks it is conveyed in lumps 
to the moulder's table, where it is received by the assistant, gen¬ 
erally a youth, who cuts off a portion, about sufficient to make 
a brick, which portion he rolls and works up and passes to the 
moulder. The mould is a wooden box or frame without top or 
bottom, loin. long by 5in. wide, and 4-gin. deep. A piece of 
wood about one inch thick, and of a size to form a bottom for 
the mould, is nailed to the table. On this piece of wood or 
“Stock” as it is called, is fixed another but much smaller piece, 
and which is pyramidical in form. This projection forms the 
indent known as the “frog” on the bottom face of the brick. 
To make a brick, the mould is dusted with sand, and placed 
on the stock, and the portion of clay received from the assistant 
is pressed by the moulder into it, so that the clay fills every 
part. The superfluous clay is then struck off with a wooden 
lath and the mould is lifted up, and the brick deposited from it 
on to a thin piece of wood called a “pallet board,” on which the 
brick is conveyed to the “off-bearing” barrow. The barrow, 
when full, is wheeled to the drying sheds, where the bricks 
are stacked until dry enough to be put in the kiln and burned. 
The drying of the bricks lasts from two days to a week, accord¬ 
ing to the condition of the weather. 

Tempering by hand is a very primitive method, and a pugmill 
is almost always used for grinding and mixing clay. A pugmill 
is a machine consisting mainly of an upright shaft, armed with 
knives, which revolves in a hollow cylinder containing the clay; 
the revolution of the shaft being caused by horse power. 

124 - Plastic Process by Machinery.—The clay is first put 
through a grinding machine, the rollers of which reduce, all 
lumps and pebbles. From the grinding machine it is run into 
a pugmill, wherein it is mixed and kneaded. The shaft of the 
pugmill is fitted with a screw-like arrangement which forces the 
kneaded clay out through an opening at the end opposite to that 
where it entered. The opening is rectangular in shape, the size 
of the rectangle being about loin, x 5in. I he clay therefore 
emerges in a continuous band loin, by 5 ^ n - i* 1 5T 0SS 
section, and is directed on to a .metal table. When 
about sufficient to make 12 bricks has passed on 
to the table, a cut is made across it to sever it from the othet 
part of the band. The section on the table is then made to 
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pass tnrough a frame containing 13 vertical wires, 3^ in. apart, 
which cut the band into bricks. The bricks are then removed 
in barrows, and stacked to dry in the same manner as if they 
were hand-made. The whole of the machinery is driven by 
steam power, which is so contrived as to cause all the movements 
of the wire cutting of the clay band into bricks, as described. 
The bricks so made are rough on the two surfaces formed by 
the cutting of the wires, but they are really good bricks when 
well burnt. For important work, where appearance is of conse¬ 
quence, the bricks are afterwards pressed in a pressing machine, 
generally worked by hand, which forms good faces and sharp 
edges. 

125- The following is a description in a general wav of the 
process of making bricks with dry clay:— 

The clay, after being excavated, is roughly mixed and put 
into trollies, which are hauled up an inclined railway, by means 
of a cable gear, to the building containing the grinding and 
moulding machinery. Each trolley is fitted with a collapsible 
bottom which is released when above the grinding machine, 
and the clay is deposited into a chute that conveys it to the pan 

in which it is ground. This pan, which is continually and 

horizontally revolving, is circular in plan and of considerable 
diameter, but not very deep. A couple of large rollers, some¬ 
what like grindstones in form, but composed of cast-iron, revolve 
with a vertical circular motion in the pan, and by their weight 
crush and reduce the clay to powder. When so reduced the 
clay passes out through small holes, of which there are a great 
number in the bottom of the pan, and into a fixed pan called 
a “saucer,” just a little larger than the revolving pan, from 

which it is conveved in little buckets attached to an endless 

and continually moving band, to a platform above the moulding 
machine, from which it is fed by a chute into the moulding 
machine. 

The machine used for moulding, or more properly speaking 
pressing, bricks on the dry clay system consists of two main 
movements as follows:— 

(1) An arrangement for filling the moulds with the 
prepared clay, as delivered by the chute from above. 

(2) An arrangement for compressing with great force 
the clay into the mould, and so forming the brick. 

The movement for filling the clay into the mould also at 
the same time pushes the last pressed brick from the mould on 
to a table clear of the pressing heads. Most of the machines 
in use make two bricks at a time, but some kinds make three 
bricks at once. 

The machine is driven by the power from the steam engine 
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•conveyed by belting arid the circular motion so obtained 
is transformed into the movements by means of cranks and cambs. 
There are, of course, variations in detail in the machines by 
different makers, but the foregoing will, it is hoped, give a good 
idea of the principle of a dry clay pressing machine. 

1 he bricks, as they are pushed from the moulds, are removed 
in barrows directly to the kilns and stacked therein, and are in 
a very short time burnt. A very short period elapses from the 
time the clay is filled into the trollies in the pit, until it is stacked 
in the kiln in the form of bricks ready for burning; and in this 
particular the dry clay process presents a marked contrast to the 
wet clay process, for in the case of the latter the bricks have 
to be dried before being put in the kiln. Again in the dry clay 
process, there is no kneadine whatever, for the clay is ground 
up in an almost dry state (there being but very little water at any 
time put in the grinding pan) and is pressed into the form of 
bricks rather than moulded. 

126. Brick Burning. —In a previous article it wasipointed out 
that to make a good brick proper burning was just a* important 
as a suitable clay composition, and such is indeed the case, for 
whilst good clay may be spoilt by bad burning, it often enough 
happens that poor and troublesome clay is turned into good bricks 
by the exercise of care and skill with the burning process. The 
cost of production is only largely affected by the method of burn¬ 
ing. Brickmakers seem to have recognised these points, and 
have almost departed from the old fashioned “Clamps” and 
open kilns, and closed kilns on the continuous principle are 
almost universally adopted. 

127- A Clamp is formed by making a foundation of burnt 
bricks, and then stacking the raw bricks in courses with a layer 
of coke between each course, the outside or casing being gener¬ 
ally formed with burnt bricks. During the stacking of the raw 
bricks, flues, filled with coke, are formed about five or six feet 
apart, all over the “Clamp.” These flues are connected with 
“live holes” about 9in. by 9in. in cross section, which run right 
across the clamp. The stack, or clamp, therefore contains dis¬ 
tributed throughout it enough of the fuel to burn the bricks; 
and when everything is ready fires are started in the live holes, 
and continue until the whole of the fuel is consumed, by which 
time the bricks are supposed to be burnt. Burning by this 
method is very unsatisfactory, for the bricks are not uniformly 
affected by the fire, and consequently a difference occurs in 
the quality of the bricks from the various parts of the Clamp. 

Tn cases of temporary demand in outlying districts it often 
happens that Clamp burning is the only method possible of 
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adoption. It is therefore just as well to be acquainted with 
particulars as to how to proceed. 

128 * Open Kiln. —An open kiln is a roofless building, rect¬ 
angular in plan, with large openings at each end, and “fire holes” 
about 3ft. 6in. apart along the sides; the walls being of sub¬ 
stantial thickness, and built with burnt bricks. The process of 
burning in one of these open kilns is as follows:— 

The kiln is completely filled with the raw bricks, which are 
so stacked as to leave access by the fire to as much as possible 
of each. After the kiln is filled the openings in the ends are 
filled up with burnt bricks and sealed with clay. Fires are then 
lighted in the fire holes along the sides, but the temperature is 
gradually raised during the first two days so that the moisture 
in the bricks may be slowly expelled. As soon as the bricks 
are relieved of the contained moisture, the temporary roof of 
iron, etc., put on while stacking the bricks, is removed, the 
fires are set fully going, and the temperature is raised to a very 
high degree. It takes about six days from the time of “lighting 
up” to fully burn the bricks to a condition of hardness, after 
which the firing ceases, and the fire holes are partially stopped 
up to prevent the cold air entering too freely Two additional 
days are allowed for cooling, and the bricks are then ready for 
removal from the kiln. 

As in the case of clamp burning, though of course not to 
such great extent, difference in quality occurs, for the bricks 
are bv no means equally burnt throughout the kiln. A great 
waste of heat also takes place in these kilns owing to the fact 
that the draught has an outlet over the whole top of the 
kiln; and for the same reason the fuel is not fully consumed, 
as can be easily understood by anybody who has seen the dense 
black smoke issuing from these kilns. Open kilns are built to 
contain from 80,000 to 100,000 bricks. 

129. Closed Down Draught Kilns, which are a great im¬ 
provement on those of the open kinds described in the last article, 
have a permanent roof of brick, arched after the fashion of a 
barrel vault. The ends are also built up, permanently, to a 
greater extent than in the case of the open kilns, the openings 
therein approximating more nearly to what may be called doors. 
Fire holes are made along the sides in the same manner as in 
the case of the open kiln, but the draught is arranged in a 
better and altogether different plan, as the following will serve 
to show:— 

Inside baffle walls built about a foot from and parallel to the 
side walls, and reaching nearly to the roof, cause the draught to 
have an upward direction until near the top of the kiln, after 
which the direction is downwards through the bricks to be burnt, 
and under the floor by a flue which is connected with a smoke 
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stack. In these kilns the heat is more equally distributed over 
the contents than in those on the open plan, and consequently 
the color is fairly uniform and the degree of hardness more 
nearly constant. Again this arrangement of draught provides 
for the retention in the kiln of the heat for a much longer time, 
so that more work is got out of the fuel. 

There are many kinds of patent kilns, the special features 
of which are improvements in one way or another on the simple 
principle of the down draught kiln, and some are so well designed 
as to burn very good facing bricks uniform in color. Most of 
the splendid double-pressed bricks used in the Australian States 
are burnt in these kilns. 

130. The Continuous Kiln is certainly a remarkable im¬ 
provement on all earlier forms of kilns, and is the conspicuous 
feature of modern brick manufacture. In almost every brick¬ 
yard of any importance there is to be found a continuous kiln 
with an output capacity of from 100,000 to 240,000 per week. 
The kiln made on the arrangement as patented by the inventor, 
after whom it is called, is described in the following article. 

131 - The Hoffman Kiln is a massive brick circular shaped 
building with a high smoke stack rising from the centre, and 
roofed with light timbers and galvanised iron. Inside a large 
arched chamber like a railway tunnel is formed parallel to the 
outside, that is to say, it is annular in plan. This continuous 
tunnel is subdivided crosswise into compartments or chambers, 
usually 12 in number. Each of these chambers is connected with 
the central flue leading to the smoke stack, and is fitted with 
arrangements for regulating or cutting off the draught by means 
of dampers. An arched opening to each chamber is also made 
in the outside of the kiln. The process of stacking the raw 
bricks, burning, and removing those which have been burnt goes 
on continuously at the same rate, and together with the action 
of the draught may be described as follows:— 

Let it be supposed for the purpose of description, that a 14 
chamber kiln is under notice. The external archways of two 
chambers are open; all the others are bricked up. Let these two 
chambers be called Nos. 14 and 1 respectively. Raw or green 
bricks are being wheeled into, and stacked in No. 14. Cool 
burnt bricks are at the same time being wheeled out of No. 1. 
The fuel is being supplied into and the fire is at its greatest 
temperature in chambers Nos. 7 and 8. The only partition 
is between Nos. 13 and 14; and the only flue open to the smoke 
stack is that from No. 13. The course taken bv the current of air 
is therefore as follows:—It enters at opening Nos. 14 and 1, and 
is drawn through the chambers Nos. 2, 3, 4, 5, and 6 to the 
fire, its action as it passes over the bricks just burnt is to cool 
them, and it becomes quit * hot before it gets to the fire. The 
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hot gases and fumes as they leave the fire are drawn towards 
the only outlet, viz., by way of the open flue in No. 13. These 
hot gases have therefore to pass through the chambers Nos. 9, 
10, 11, 12, and 13, which contain bricks to be burnt; and it con¬ 
sequently warms and drys them ready for the fire—bricks for 
instance in No. 13, will just be getting the hot gases, and the 
moisture in them will be leaving in form of steam, and as each 
chamber is nearer the fire the bricks will be hotter and nearer 
the firing temperature. From the foregoing it will be seen that 
very little heat is lost, while the combustion is nearly perfect, 
for the fuel is supplied in the form of small coal through holes 
in the roof of the tunnel, and it is no sooner dropped among 
the red hot bricks than it is in a state of fierce combustion. 
By the time that No. 1 chamber is emptied the filling of No. 
14 is completed, the partition is made at the end of No. T4 
instead of at No. 13, and the fire travels on one chamber ahead, 
—and so on goes the process. The partitions were originally 
iron shutters which were lowered and raised from the top as 
required, but in some of the later kilns the partitions are simply 
made with brown paper or some such light material pasted over 
the bricks to stou the draft. The light partition is easily 
destroyed by the draft and heat, when the flue in the chamber 
ahead is opened. 

132. There are, however, many other kinds of Continuous 
Kilns in operation, but all are more or less based on the principle 
of the Hoffmann. A kiln much in use about Sydney is rect¬ 
angular instead of circular in plan, with rounded ends, and the 
continuous chamber consists of two straight tunnels built side 
by side with the flue leading to the smoke stack in between them. 
Small openings or archways at each end connect the tunnels 
and provide for continuity of draft. Another difference, which 
is also an improvement, is that there is a flue to the smoke 
stack from each side of each chamber instead of as in the Hoff¬ 
mann—only one from the inside. 

133- The Continuous Kiln as it is at present is only useful 
for burning common bricks, for, as pointed out before, the color 
is very uninviting, and the shape is not altogether as good as is 
to be desired, whilst a source of some trouble in the patent kiln 
is the “steaming,” as despite all care the bricks are sometimes 
rendered into “slush.” The great feature of the continuous kiln 
is, however, to be found in the cost of operation. In the old 
kiln it costs about 8s. 6d. per 1000 to burn, and in the continuous 
only about 2s. 6d. per 1000 to burn; so that it may at once be 
seen that a great saving is effected. 
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134- Classification and Qualities of Bricks —Bricks are 

classified in accordance with the methods of manufacture as 
follows:— 

(1) Sandstocks or hand made. 

(2) Plastic machine made or wire cut. 

(3) Dry pressed machine made. 

These classes are again sub-divided as regards quality:— 

(a) Callows or under burnt bricks. 

( b) Clinkers or misshapen and over burnt bricks. 

( c ) Ordinary good common bricks. 

( d ) Picked or the best among the common ones. 

( e ) O.K . or open kiln bricks. 

(f) Double pressed or those which are specially made 
and specially burnt. 

(generally by the plastic process), twice pressed 

(g) Enamelled Bricks . 

135 Callows are generally bought at a low price and used 
for interior walls in construction of a poor character. It is, 
however, needless to say that such bricks should on no account 
be used in building work, for they have a tendency to crumble 
to pieces, and they also hold moisture and make damp walls. 

136. Clinkers are, like callows, to be purchased at a low 
price, but their most serious defect is their bad shape. They are 
usually used for foundations and for rough paving. This kind 
of brick is got from around the “fire holes” in the kiln, and theix 
ill shape is due to the overpowering intensity of the heat at 
these places. 

137. Ordinary Common Bricks are those, either hand made, 
wire cut, or dry pressed, which are of the average quality turned 
out nowadays. As these bricks are used for the body of the 
building in most cases, every care should be taken to see that 
they are of good quality. A clear ringing sound should be 
given out when two are clapped together. A broken section 
should show a partial vitrification of the mass; and a sharp instru¬ 
ment, such as a pocket knife, should make no impression. Tests 
should be made when selecting bricks, to ascertain the power of 
resistance to compression or transverse stresses, and also to 
determine the percentage of water absorption. A common brick 
to be of good quality should stand at least a pressure of 1120 lbs. 
per square inch; and should not absorb more than 6 per cent, 
after being for 24 hours immersed in water. In addition to 
these qualities the brick should be regular in shape and have 


7() AUSTRALIAN BUILDING PRACTICE. 

sharp edges. Common bricks are burnt mostly in the continuous 
kilns, but in the case of sandstocks the burning is done in open 
kilns. 

138- Picked Bricks are the best of the common ones, and 
should possess, beyond question, the qualities described above. 
As a matter of fact, to get good ordinary bricks it is necessary 
to specify them to be '‘picked,” otherwise a fair proportion of 
the more presentable clinkers and callows will be put in. 

139. O K or Open Kiln Bricks. — A very good kind of 
common bricks is made by the dry process and burnt in the old- 
fashioned kilns. These O.K. bricks, as they arc called, are much 
used for facing purposes where a double pressed brick would 
be too expensive.' Greater care is taken in handling these bricks 
when removing from kiln to the building. 

140. Double Pressed Bricks are made with the greatest 
care, and are used for such purposes as facing bricks for the 
best class of buildings and for sanitary work. As their name 
implies they are again pressed after being taken out of the 
moulding or wire cutting machine. They are burnt with special 
care in the down draft and cupola kilns,, as color in this class is 
often a matter of the greatest importance. A good double pressed 
brick should possess in a greater degree all the qualities enumera¬ 
ted in article 137. The resistance to compression should at 
least be 2000 lbs. per square inch, and the water absorption 
not more than 3 per cent. The opposite faces should be perfectly 
parallel, the edges should be sharp and unbroken, there should 
be no cracks showing. Double pressed bricks such as described 
are easily enough obtained in the Australian cities, and should 
be used for important work, for they are practically imperishable. 
These bricks are either white or of a very dark color. A much 
less durable kind of double pressed brick of light red and buff 
tints is much used on account of the soft tone of color effect 
obtained; but they are by no means so durable. 

141. Enamelled Bricks are very expensive and consequently 
are sparingly used. For such purposes as linings of lavatories 
and light areas they are, however, indispensable. The body of 
this kind of brick should be as good as the best double pressed 
and the enamel should be free from cracks. 

142- The following Table is interesting as indicating the 
water resisting properties of the local bricks. The selection 
from among a great number has been made in a careful manner 
with a view of obtaining a fair average of the building bricks. 
The samples were dried and soaked in water for 24 hours. 


AUSTRALIAN BUILDING PRACTICE, 


77 


BLE XIV 


Showing absorption of water by different Varieties of Bricks made in Sydney District. 


No. 

Locality. 

wt. 

lb. 

reed. 

oz. 

wt. c 
lb. 

tried 

oz. 

| wt. 

! lb 

wet. 

oz. 

Per cent, 
porosity. 

Dimensions 
in inches. 

1 

Petersham, Double 
Pressed 

8 

7* 

8 

71 

i 8 

12 

3 61 


2 

Petersham, Double 
Pressed 

8 

U 

8 

1 

8 

6f 

4-61 

9x4 x 3 

3 

St. Peters, Common. 

8 

0 

8 

0 

| 8 

72 

6*06 

9 .i x 4 .'l x 3 

4 

St. Peters, Common. 

9 

n 

i 

9 

of 

9 

8 

6 01 

6 

Surry Hills,Common. 

8 

8 

i 

1 8 

121 

8-92 

;8| x 41x3 

6 

Ilurstville, Common. 

8 

41 

8 


1 8 

12 

6-08 

9 x 4A x 3 

7 

,, ,, 

i 4 


4 

8 

1 4 

14 

8-33 


,, ,, 

l 4 

0 h 

4 

91 

4 

161 

1 8*63 

>» >» ), 


Merrylauds, Common i 

f 4 

18 

4 

12 

5 

2| 

; 8*88 

»i >> 

8 

i 4 

21 

4 

IJ 

4 

71 

8-35 


9 

,, ,, 

8 

18 

8 

13 

9 

131 

1 11*70 


10 

Surry Hills,Common. 

9 

2 

9 

1 

9 

441 

9-14 

Is’} x 41 x 3 3/1 ft 

11 

7 

101 

7 

101 

8 

61 

9-8 

12 

,, 

8 

31 

8 

21 

8 

10.1 

6-7 

13 

,, „ I 

7 

4 

7 

121 

8 

n 

9-06 

h. ii 


Specimens Nos. 7 and 8 were broken into halves prior to being tested. 


TABLE XV.* 


Showing Crushing Strength of Bricks Tested as Received without Preparation. 


No. 

| 

j Description. 

Crushing 
Force per 
S(| in. in lbs. 

Crushing 
Force in lbs. 

1 Total Force 
i to Crack 

1 in lbs. 

Area 

Exposed in 
sq. inches. 

Size 

in inches. 

Remarks. 

1 

White 

2026 

28600 

| 230( 0 

14 1-16 

4i x 3J 


2 

Blue 

2747 

34000 


12« 

4J x 3 

• m T) cd 

3 

Red 

746 

10600 


14 MG 

4A x 3i 

is ,g «{ 

4 

Yellow 

2080 

24000 

- 

1U 

4 : | x 31 x lg 

~ T3 

5 

White 

4306 

38750 

31000 

9 

‘1 X 3 X 1 

% 

0 

Blue 

2090 

30000 


Hi 

41 x 2ii x 24 

a) tn *S 

r 1 W 

7 

Blue 

2818 

31d00 

10000 

11 

4 x 3| x 24 

H a 

8 

a 1 

1537 

20750 

17500 

13A 

4A x 3 


. ® 

9 

! a 2 

1692 . 

21600 

10250 

13* 

44 x 3 



10 

a 3 

1037 

14000 

— 

13 1 

4 A x 3 


‘Z 

n 

b 1 

1131 

14000 


12« 

44 x 2:| 


« 

12 

b 2 

1939 

24000 

19000 

m 

4J x 2i) 


- s 

13 

b 3 

1373 

17000 

13250 

in 

1 -U x 23 


1 0 

14 

c 2 

1238 

1(5260 

15000 

m 

43 . x 3 

| 

1 i 

15 

d 3 

1371 

18000 

15250 

13* 

4jJ x 3 


c 

10 

e 1 

1362 

17750 1 

. . — 

ISA 

4S5 x 3 

J 

1 0 


* From tests made by Professor Warren. 

Specimens Nos. 4, 5, 0 and 7 were radiating bricks for sewer. 


TABLE XVI- 


Showing Transverse Tests made on Bricks at Sydney Technical College. 


1 

frizes 

of bricks in inches. 

, Span 

1 Weight of 

Breaking 

No. I 



_| 

in inches. 

bricks in lbs. 

1 

load in lbs. 

1 

Length. 

Breadth. 

Depth. 

1 

0.2 

4.26 

a 

7 

9.5 

2408 

2 

9.12 

4.37 

3-1 

7 

1 0.25 

1792 

3 

0 .J 2 

4.3! 

3 

7 

i 9-26 

108(K 

4 

9.12 

4.37 

3 

7 

9 3 

2016 

6 

0.18 

4.31 

3.00 


9.5 

2240 

ft 

9.(5 

4.37 

3.03 

7 

9.25 

2562 

7 

9 

4.5 

2.9 

7 

7.8 

1735 

8 

9 

4.6 

3.02 

7 

7.8 

2192 

9 

9.26 

4.(52 

2.98 

7 

7.3 

4370 

10 

9.12 

4.37 

8.06 

7 

7.3 

5240 

11 

9.26 

4.37 

2.06 

7 

7.3 

4345 

12 

9.12 

4.5 

2.94 

7 

7.2 

2285 

13 

9.26 

4 3 

2.00 

7 

7.5 

3633 

14 

9.12 

4.5 

3,03 

1 7 

7 f> 

5290 


.Specimens 1 to ft inclusive were Common Bricks Dry Pressed from St. Peters. 

Specimens 7 to 13 inclusive were Plastic Wire-cut from Liverpool, and were of a dark red 


•color. 
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143* Strength of Brickwork. —Until quite lately there has 
been very little information of an accurate character relating 
to the strength of brickwork. Several well known authorities 
on the strength of materials have given the loads for brickwork, 
but the qualities of bricks and mortars vary so much in different 
places, that these loads have been from a practical point of 
view of very little value. For instance, in “Civil Engineering” 
by Professor Rankine, the strength of brickwork in piers is given 
as about from 800 to 1000 lbs. per square inch, but this is of 
very little use to the engineer or architect who has to use bricks 
and mortars of ever-varying qualitv. 

A great amount of information has been gained from the 
many tests made in different parts of the world on different 
kinds of bricks and mortars; but it was not until 1887 that tests 
were made (at least none have been recorded) to determine, if 
only approximately,, the difference which exists between strength 
of bricks and mortar, and strength of brickwork built up with 
same. 

During that year a number of important and interesting tests 
of the strength of brick piers compared with individual bricks 
were made by a Committee of the American Society of Civil 
Engineers, at Watertown, in the United States of America. 

An abstract of the results (averaged where possible) of the 
tests is given by numbers 33 and 34 in the Tabic No. XVII. The 
abstract comprises cases of piers as nearly as possible similar 
in shape and size so as to facilitate comparison. 

These tests showed a great difference between the strength 
of bricks and the strength of brickwork built up with them. No. 
33.. for instance, shows brickwork which failed at 124.5 tons 
per square foot, that was built up with bricks the crushing 
strength of which tested individually was 1170 tons per square 
foot. They also showed, what was only of course to be expected, 
that the mortar had a great deal to do with the strength of 
brickwork less in strength than that built up with face bricks, 
lime and cement mortar respectively. A feature of importance 
to be noticed in the results of the American tests is that the 
common bricks, though much the strongest individually, made 
brickwork less in strength than that built up with face bricks, 
proving that to have good strong brickwork the shape of the 
bricks must he good. 

As to the actual strength of brickwork the tests did not 
afford much information, for the piers were of small cross 
sectional area, and the ordinary conditions of bond, a matter 
considerably affecting the result, were not existing. 

The matter does not seem to have had any further attention 
until during 1895, when a number of tests were made in con¬ 
nection with the Royal Institute of British Architects, by a Com- 
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mittee composed of prominent members thereof, aided by the 
advice and assistance of Professor Unwin. 

A most elaborate and interesting- account of the methods 
of testing (together with the results minutely recorded) is pub¬ 
lished in the Journal of the Royal Institute of British Architects, 
and from this account the result Nos. i to 28 Table XVII have 
been taken. The value of the tests was to some extent impaired 
because unfortunately some of the piers were built by inserting 
closers of a soft kind, and the strength of these particular ones 
was affected to some extent. 

The tests 29 to 32 were made by Professor Warren at the 
Sydney University, during 1809, and of all in the table they are 
the most interesting to Australian builders. The tests were carried 
out in a most careful manner on common dry pressed bricks 
of the average quality used in Sydney. The results may be 
relied on, and should be very useful when designing piers and 
other brickwork where compression stresses are to be resisted. 
The 9in. by 9m. piers were, however, of course, without closers, 
consequently they stood stresses higher than what could be 
expected from piers in which closers were necessarily used. 
In the table the safe loads as i-5th of the crushing loads in the 
tests are consequently too high. Professor Warren, in the paper 
describing the tests recommends 15 to 20 tons per square foot 
as the safe load for good brickwork in 2:x cement mortar, and 
9 tons per square foot as safe load for good brickwork in 2:1 
lime mortar. 

It will be seen by the table that all tests show a wide differ¬ 
ence between the crushing strength of bricks individually and 
brickwork. 

The photographs and drawings which were taken at all the 
tests, have, however, clearly shown that the failure is not due 
to crushing force altogether but to lateral tension and shearing, 
so that it will at once be evident that when these are the causes 
of failure the mere crushing strength of a brick cannot represent 
the strength of a brick pier or wall built with similar bricks. 

144 Terms used in Connection with Brickwork. 

Header :—A brick laid with its length across .the wall. 

Stretcher; —A brick laid with its length along the wall. 

Bat :—Portion, such as half, or three quarters of a brick. 

Closer: —A quarter brick used as at A, Fig-. 3 T to make 
up in courses of headers. A Queen Closer is a 
portion about gin. by 2^4in. by 3m. obtained by 
halving a brick longitudinally. A A wg f loser 
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is a brick with a corner cut off so as to reduce 
its head to show as a quarter brick on the surface 
of the wall. 

Frog :—Is the indent on one of the larger faces of the 
brick. It is made so as to form a key for the 
mortar, and the brick should always be laid with 
the face containing it uppermost. 

Course :—Is a layer of bricks, such as for instance the 
upper layer in Fig. 33. 

Bond :—Is the term given to the method of interlacing 
or overlapping when laying the bricks so as to 
cause them to hold to each other, and to spread 
the weight of each over as many of the others 
as possible. 

The overlapping or bond is provided for by arranging the 
bricks so that in any one course there shall be none (or as few 
as possible) of the vertical joints directly over those joints 
in the course underneath. The distribution of the bricks 
throughout the wall to bring about this result is a matter of 
a complicated nature and depends not only on the skill of the 
layer but also on the shape of the bricks. 

145 - There are Several Systems or Kinds of Bond, but all 

are based on the same general principle. Those most commonly 
used are denoted as follows:— 

(1) English Bond. 

(2) Flemish „ 

(3) Colonial „ 

English Bond is considered to be the best, as the breaking 

of joints is complete. On the surface of the wall this Bond 
shows courses of stretchers and headers, alternately, for all 
thicknesses of walls from 9m. upwards. 

Figures 33 to 37 are isometric views of English Bond in 
walls of various thicknesses with corner junctions at right angles. 
The top course is, in each case, shown as raised up, so as to 
illustrate the difference between the arrangement of bricks in it, 
and the course next underneath. It will be seen by the sketches 
that an external distinguishing feature of this bond, is, that a 
course of headers occurs between each two courses of stretchers, 
or in other words, that courses of headers occur alternately. 

It will therefore be clear that in any particular thickness 
of wall the arrangement of the bricks in all heading courses 
will be alike, and so also will all stretching courses be the same. 
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Fig. 35. 


Fig. 30. 



Fig. 37. 
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Fig. 41. 


Fig. 44. 
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The use of closers as providing for the breaking of joints 
in the heading courses is shown by these sketches. 

Figures 33, 34, 35* 36, and 37 represent, respectively, walls 
9in., I3k2in., i8in., 22 l /An. and 27m. in thickness. 

146 Flemish Bond —In this bond the bricks are so arranged 
that on the faces of the walls, stretchers and headers occur 
alternately in every course. Fig. 38, which is an example of 
Flemish Bond in a gin. wall, shows, on the face, alternate 
stretchers and headers in each course, and also that every header 
is directly over the centre of a stretcher. This bond is not 
nearly so strong as English bond for, as shown by Figs. 38 to 42 
which illustrate the arrangements for various thicknesses of 
walls, it is necessary to use a large number of bats, and in 
addition to this defect, there are also at certain places, straight 
joints from bottom to top of the wall. These defects notwith¬ 
standing this kind of bond is much used in the work of a 
superior character on account of an idea that it looks better than 
English. Flemish bond is subdivided into two kinds, viz.:—(1) 
Double , (2) Si)iglc. The Figs. 38 to 42, represent respectively 
the arrangements for double Flemish bond in walls gin., 13^11., 
i8in., 22/4in. and 27m. thick. It will be noticed by the drawings 
that in this kind both sides of the walls are alike—in other words, 
that every course shows the same arrangement of headers and 
stretchers on the front as on the back. On this account the 
bond is called “double.” This kind is, however, the weakest 
as straight joints occur at intervals on each side of the wall. To 
overcome this serious defect, and at the same time to preserve 
the appearance of Flemish bond on the external face, the 
bricks are so arranged as to be in Flemish on the face and in 
English bond in the remainder of the thickness of the wall. 
Fig. 43 is an example of a 3 brick or 27m. wall in “single” 
Flemish bond on face and English bond in the remainder. It 
will be seen by this illustration that in alternate courses on the 
face the headers are only bats—“snap headers” is the technical 
term for them. On this account “Single” Flemish bond does 
not appear at first sight to be as good as “double” but it is 
really much better, for the straight joints occur at one side 
only." Limited space does not allow of more than one example 
of single Flemish bond being given, but the student can, himself, 
easily draw the other thicknesses of walls by following on the 
principle as illustrated in the given example, viz. -.—English 
bond in the body of the wall with just the facing of Flemish, 
using snap headers in alternate courses. 

147- Colonial Bond is the Australian name for the arrange¬ 
ment which consists of three courses of stretchers to every one 
course of headers. Fig. 44 illustrates this bond. It is of course 
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only applicable to walls 9m. thick, but in such walls it is as 
good as any other kind, if properly built, for in the stretching 
courses there is half bond which must give the wall a great 
deal of strength longitudinally. Bricklayers are., however, in the 
habit of running up the three courses of stretchers on the face 
first, and then “backing” up with the three courses of inner 
sitretchers. This is done in the interest of speed, but it greatly 
interferes with the quality of the work, for under such 
conditions of laying it is impossible to properly flush up the 
middle joint. Colonial bond is much used in cottages, and small 
houses, in which walls 9m. thick are about the usual thickness 
adopted. 

148- Raking Bond. —It will be se^n by the sketches (Figs. 
33 to 37 ) that in English Bond, headers occur in greater num¬ 
ber than stretchers. In a iS/^in. wall for instance there are only 
half as many stretchers as headers, and the proportion is greater 
as the thickness of the wall is increased. Walls of great thick¬ 
ness in English bond are therefore to a certain extent weak longi¬ 
tudinally. This want of longitudinal tie is remedied by what 
is called raking bond, that is by putting the bricks diagonally 
instead of in heading direction between the outside lines of 
stretchers in the stretching courses. Raking bond is, of course, 
not possible, nor is it needed in walls less than 22^in. thick. 
This bond is sometimes called diagonal bond. 

149- Piers in most cases carry more weight per sq. foot 
of cross sectional area than walls, and consequently every care 
should be taken, when building them, to have the best bond. 
Some examples of bonds for piers are given by Fig. 45. It will 
be seen from the sketches that all piers above 14m. by 14m. are 
built with closers. The closers are necessary to provide for the 
breakage of joints to get the bond, but unless of a quality equal 
to the other bricks, and of proper size, they are a source of 
weakness. This was clearly illustrated by the tests made by 
the Committee of the Royal Institute of British Architects which 
have been referred to in Article 143 ante. 

150 Reveals. —Examples of the arrangement of the bricks 
at the finish of walls round doors and window openings are 
given by Figs. 46 and 47. The thickness of the wall (B Fig. 
46) in front of the door or window frame is called the Reveal 
and the balance of the thickness of the wall (A Fig. 46) is called 
the Jamb or recess. Sometimes the inner corner of the Jamb 
is cut off, or, as it is termed, splayed. Of course there is no limit 
to the variety of Reveal and Jamb, there being so many kinds 
of door and window frames, and different thicknesses of walls. 
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Fig. 46, for instance, shows 4^in. reveals in walls I3>4in., and 
18in. thick in English bond; and Fig. 47 shows similar reveals 
for the same size walls in Flemish Bond; but in each case the 
reveals might have been 9m. or the jambs splayed, and so on„ 
the possibility of variation becoming preater as the thickness 
of the walls is increased. The examples given will, however, 
serve to indicate in a general way the method of finishing round 
doors and windows. 



151 - Brick Footings.—The matters relating to the design 
of bearing area and strength of Footings have been dealt with 
in Articles 19, 20, and 21, ante , so that at this stage it is not 
necessary to deal with more than the question of Bond. Figures 
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8 (Article 33 ante) and 48, show' two cases of offset courses as 
footings. In Figure 8 each offset is part of a layer composed 
of two courses of bricks, so arranged and disposed as to be 
in the same bond as if in a wall of similar thickness. A footing 
built in such a way, is, therefore, composed of a number of 
horizontal slices of walls (in English bond), the top slice being 
4/4in. wider than the wall, and every other slice being 4l4in. 
wider than the one next above. Such a footing will be strong 
and will be in accordance with rule laid down in Article 23 ante. 
In Figure 48 the offsets are parts of single layers of bricks. 
Those layers, or courses, which are multiples of pin. wide, are 
composed altogether of headers, while those which are not have 
one row of stretchers, but it will be noticed that the stretchers 
are in all cases placed in or near the middle of the footing. 

152. Hollow Walls. —It is now becoming a general practice 
to build external walls, which are exposed to the weather, in 
two parts with a space between, instead of solid throughout. 
This is done with a view to preventing the moisture, which is 
absorbed by the face of the wall, from passing right through. 
Fig. 48 gives a view of a hollow or cavity wall. It will be seen 
that the front part is 4^11. thick, and that there is a space of 
234in. wide between it and the remaining or inner part. This 
spac£ prevents the passage of any moisture to the inside of the 
wall, and also acts as a non-conductor, thereby preventing the 
too ready passage of heat, so that the interior of the house is 
kept cool in hot, and warm in cold, weather. In the cases illus¬ 
trated by Figs. 48 and 49, the thickest parts of the walls are shown 
on fhe inside, and such is the best, for the thinner part only, under 
such circumstances, is subject to the action of the weather, 
whilst the thick part is that which carries the weight of floors 
and roof and should be on the inside. The front part may there¬ 
fore be considered as a protecting face wall which as far as 
strength is concerned has nothing more to do than support itself, 
and it even has not that much to do, altogether, for the two 
parts are connected together by bonding bricks or metal ties 
spaced at frequent intervals. Figs. 48 and 49 show different 
kinds of connection. The bonding bricks, the manufacture of 
which is believed to be covered by a patent, are made in shape 
like that shown in Fig. 48, and are composed of the best clay 
and burned to a thoroughly vitrified state so as to reduce their 
powers of moisture absorption to a minimum. Fliey are built 
in at intervals of 3 feet along every third course throughout the 
wall. These bonding bricks are, where expense is not the chief 
thing to be considered, the best kind of connection. The metal 
ties are composed of wrought iron about iin. wide and one- 
eighth inch thick, at the middle, and shaped like either one or 
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the other of the two examples given by Fig. 48. Of these two 
kinds the twisted tie is perhaps the best as it does not hold 
the mortar droppings very readily. A very good, and at the 
same time cheap, kind of tie is made from %\n. galvanised iron 
wire bent S shape shown in Fig. 49. Iron ties should be gal¬ 
vanised to prevent oxidation, and they should be built in at 
intervals of 2 feet or 2 feet 6 inches along every third course. 
The mortar droppings are prevented from getting into the cavity 
as follows:—A piece of timber the width and length of the 
cavity is laid on the first row of ties, so as to be just over the 
cavity. The next three courses of bricks are then laid, and the 
batten is removed, and the new row of ties put in. The batten 
is then put on again over the cavity, and the next three courses, 
built up—and so on until the wall is built. The most trouble¬ 
some part of the work in connection with hollow walls is the 
finish round window and door openings, for if this part be not 
well done the rain will get through, and an ugly dampness will 
show all round on the inside of the openings. Fig. 50 shows one 
way of finishing the reveals. The heads of the door and window 
openings may be protected by small lead or galvanised iron gutters 
built in over them as shown at B Fig. 49. 

153 - Damp Courses are built in walls in the followings posh 
tions:— 

(1) As near the foundations as possible, but not above 
the level of the lowest part of the lowest floor. 

(2) Along under the coping, when the wall is finished 
with a parapet. 

(3) Vertically in the centre, or on the outside, when 
in the case of a basement wall. 

154 - The Essentials of a Damp Course are that it will 

resist the passage of moisture, and be of sufficient strength to 
stand the weight of the wall resting on it. 

155 - A Damp Course may be composed of any of the fol- 
slowing materials:— 

(a) Sheet lead. 

(b) Slates set in cement mortar. 

(c) Pottery. 

( d ) Asphalt. 

( e ) Patent pliable damp course material.. 
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Fig. 53. 


156. Sheet Lead is not generally used because it is expen¬ 
sive, but it is quite effective/ and is durable, the author having 
had opportunity of examining courses of this material which 
were in good condition after being many years in use. 

157. Roofing Slates are mostly used in ordinary work. The 
course is composed either of one or two courses of the slates 
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carefully bedded in mortar, composed of two parts of sand and 
one part of Portland cement. In the case of a single course 
the slates are lapped over each other for about iHin. or 2in. 
When a double' course is used the lap is half a slate, or in other 
words the slates are laid in stretching bond like the 4Hin. brick 
wall in Figure 48. There are two important points to be 
attended to when laying a slate damp course. 1st. Great care 
is to be taken that the' slates are supported everywhere by the 
bed of mortar, otherwise they will collapse when the superimposed 
wall is built. The double course of slates allows of the best 
bedding and is therefore the best. 2nd. Care must be exercised 
so as to prevent any of the slates being broken, for the damp 
will rise through the slightest crack. A slate damp course 
properly laid is sufficiently strong to stand the weight per square 
foot of all ordinary walling. 

158- Pottery Damp Courses are composed of thin slabs or 
bricks perforated with holes horizontally and burnt to a fully 
vitrified state. This kind of course is not much used, for it is 
too thick. 

159. Asphalt Damp Course is laid while in a heated state 
in the form of a continuous layer about Hun. thick. It makes 
an excellent damp course, being quite proof against moisture, 
and its continuity makes it much better than those kinds of 
courses which are composed of materials joined together. It is 
however, necessary to make sure that the right kind is obtained, 
for there are in the market several kinds which are not strong 
enough to prevent the weight of the wall from pressing them 
out. The proper kind is composed of bitumen and limestone 
grit and becomes very hard. The following table shows the 
constitution of several kinds of asphalt. 


TABLE XVIII. 

Analysis of Asphalts (by Mr. W. M. Hamlet). 





Percent auk. 



Specific Gravity. 

Weight of one cubic i 
foot in lbs. 

Kinds. 

Insoluble 

Grit. 

Soluble 

Grit. 

Total Grit. 

Carbonate of 
Lime. 

Bitumen 
Soluble in 
Petroleum Spirit. 

Bitumen 
Insoluble in 
Petroleum Spirit. 

Total 

i Organic Matter. 

1 

Trinidad .. 

47-09 

; 33 -59 

SO-68 

25 13 

8-50 

10*82 

19-82 ! 

2-188 

133 

Val de Travers .. 

2*00 

87-56 

89'56 

8674 1 

7-00 

8.40 

10-40 I 

2-333 

145A 

iSeyssel 

2-50 

84 00 

86*50 

81-90 ' 

8-30 

6-20 

13-60 ! 

•312 

144 


Asphalt is particularly suitable for vertical damp courses. In 
such cases it is used as follows:— 


(a) Plastered in two coats each about V\\n. thick on 
the outside of the basement wall, if it be possible 
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to get at it. See Figure 51. It is, however, gener¬ 
ally impossible to work from the outside of the 
wall, and one or other of the following methods 
must be adopted. 

( b) The outer portion is built first, and then covered 
on the inner side with two coats of asphalt, after 
which the inner portion of the wall is built. This 
method is illustrated by Figure 52. 

( c ) The wall is built with a cavit* (about wide), 

which is afterwards filled with the asphalt while 
in a hot liquid state. 

160- In the case of Basements a layer of asphalt from J4in. 
to 1 in. thick should be laid on a bed of concrete about 6in. thick 
all over to form a floor. The asphalt should be connected with¬ 
out any break whatever (as A Fig. 52) to the vertical damp 
course so as to absolutely disconnect the interior of the basement 
from anything that would conduct moisture. 

161. Pliable Damp Course Material (of which there are 
several kinds in the market) is convenient to use and is thor¬ 
oughly effective. These portable damp courses are supplied in 
rolls of various widths to suit the different thicknesses of walls, 
and all that is necessary when laying them is to open them out 
along the v/all and build them in. 

162. A Damp Course should be of the full width of the 
wall on which it is laid, and should extend over bearings of all 
plate*; and bearers. 

163' Air Drains —A vertical damp course may, in some 
instances, be dispensed with by having what is called an air 
drain, or dry area, on the outside of the wall. Figure 53 will 
fully explain what an air drain is. F is a retaining wail built 
a little distance from and extending along the full length of 
the building. Stone flags or concrete slabs (A) rest on the 
retaining wall, and on the corbelling (B) from the building wall. 
A second damp course should be built in at (D) above and should 
extend down under the flags. Connections should be made at 
intervals with a line of drain pipes to carry off the soakage 
water which may come through the retaining wall. 

164 Terms used in Connection with Arches Before de¬ 
scribing the various kinds it will be necessary to notice the terms 
used in connection with arches generally. Centre is the name 
given to the temporary timber frame on which the arch is built. 
At times arches of large span are erected and in such cases 
the centres are, on account of the long span and great weight 
to be carried, structures of a complicated nature. The famous 
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centres used in the building of the arches of the Waterloo Bridge 
over the Thames at London afford an instance of the compli¬ 
cated character under circumstances of long sj an and great 
weight. This type of centre together with other kinds of great 
centres are illustrated in the “Encyclopaedia of Civil Engin¬ 
eering” (Cresy). The builder in ordinary practice does not 
however meet with more than arches of moderate span, and the 
centre illustrated in Figure 54 is fairly representative of the 
kind generally used. The centre, Figure 54, consists of a couple 
of frames made out of Pine about one inch thick, and cut to suit 
the form of the arch. The frames are connected along the 
curved edges by pieces of batten called “lagging,” shown at B. 
In most cases the pieces of lagging are nailed on about an inch 
apart but in the case of an important arch they are kept close 
together so as to form a continuous curved surface on which 
the joints of the soffit of the arch are marked out to afford 
a guide when building the arch. The centre shown is for a 
span of about 3 feet 9 in. and would not need any struts, but 
as the span increases beyond this, struts as at E should be intro¬ 
duced. A centre is held in place by uprights placed against the 
reveal or jamb, as the case mav be, of the opening. Wedges are 
introduced between the heads of the uprights and the bearing 
of the centre, as shown at D. The wedges, by their careful with¬ 
drawal, allow of the centre being successfully lowered without 
shock from under the arch. The lowering of the centre from 
under the arch is called “striking “S0EE1T and “Intrados” 
are names given to the under curved surface (c, Fig. 54) of the 
arch. The outer curved surface (A, Fig. 54) is called the 
ExTrados. The inclined surface against which each end of the 
arch abuts ( See B, Fig. 56) is called Sicewback. The line of 
the bottom of each skewback, is called the Springing Line, and 
the distance between the springing lines is called the Span. The 
Rise is the perpendicular distance of the highest part (the 
crown) of the intrados above the level of the springing lines. 
The blocks or bricks forming the arch are called Voussoirs and 
the block at the crown is known as the Key*, flic Haunches 
are the parts of the Arch from the skewback to some distance 
up towards the crown. Spandrels are those paUs of the filling 
in above the arch which lie within the space marked F G and 
H, Figure 54. 

165. It is only in Works of an important character that the 

bricks are prepared tapered specially to fit the arch, and in most 
cases in ordinary practice the bricks are used in their ordinary 
rectangular shape. To obviate the wide joint that would occur 
along the extrados if stretchers were used it is the usual custom 
to build the arch in rings 4^in. wide as shown in Figure 54. 


AUSTRALIAN BUILDING PRACTICE. 


m 



Fig. 56 . 


Fig. 57 . 


This method is not, however, without defect, for the rings are 
only connected by the mortar and cannot be said to offer a 
combined resistance to the load on the arch. In cases where 
an arch has to do important work and where failure would be 
calamitous to an extraordinary degree, binding blocks are put 
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in as at A, Figure 56. The binding block consists of stretchers 
bonded together to form a portion which effectually overcomes 
the isolation of the rings and so effects a bond from intrados to- 
extrados of the arch. 

166. Straight Arch. —This kind, also called a Bonded Arch, 
is shown in Figure 49. It is called straight on account of the 
the intrados and extrados being straight. This kind is some¬ 
times called a bonded arch because the bricks arc shown bonded 
on the face. As will be seen by the sketch the bricks are 
tapered and in one half of the arch all the bricks are differently 
shaped. In consequence of this it is necessary to have the bricks 
specially moulded, or, if not, bricks have to be cut and rubbed 
down to the shape required. This kind of arch is well adapted 
for door and window openings, and they have a good appear¬ 
ance. An imitation of this form of arch is sometimes made by 
using the bricks in their ordinary state on an arch bar of iron 
about 2 t 4in. x V2 in., the want of taper being made up in the 
joint. Again the straight arch is sometimes built with bricks 
roughly cut to the taper required—the roughness of the edges 
being rendered partly unnoticeable by the pointing. 

167- Semi-circular Arch.— Figure 54 illustrates an arch 
semi-circular in shape built in 4^in. rings with ordinary bricks. 
This is a favourite form of arch, and is a very safe kind, for the 
tendency to spread is not as great as in the other kinds. 

168- Segmental Arch— One of the most used forms of 
arch, namely the segmental arch, is shown by Figure 56. It of 
course takes its name from the curve of the soffit. This form 
of arch should only be used where the abutment is good because 
(especially when the rise is small) the thrust makes a smaller 
angle with the horizontal than do those of the other kinds of 
arches. 

169- Relieving Arch. - I his form of arch as its name implies 
is used to relieve girders and lintels of the weight of the super¬ 
imposed walling. Figure 55 shows a couple of kinds. The half 
marked C is formed with stretchers and is the kind used when 
the jambs of a window ooening are 4>4in. deep. That half 
marked B illustrates the kind used for wider window jambs 
and also for all kinds of door openings. In all cases the arch 
should spring from the ends of the lintel or girder so as to 
be independent of shrinkage or any other change in the lintel. 
The brickwork (marked D) over the lintel (marked A) is 
called the core. 

170. Other kinds of Arches include those which are semi- 
elliptical , Gothic , and horseshoe in form, the construction of 
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which is very similar to those just described. The chief difference 
being- in the method of laying* down the curve of form; a 
matter of geometrical knowledge. 

171- Cornices and String Courses built with moulded and 
other special shaped bricks. In the olden days it was the custom 
to cut and rub the bricks which were specially prepared for the 
purpose to the particular shape required, and in some of the 
buildings standing to this day there are examples illustrating 
the greatest skill on the part of the workers in brick of those 
days, and also affording at the same time examples of very beauti¬ 
ful brick architecture, possessing a softness of color effect that 
is not obtainable at the present day with our hard machine 
pressed bricks. But, however we may regret the loss of the 
artistic effect, it is impossible to be indifferent to the advantages 
which our bricks have when considered as to health as well as 
to durability. The fronts made of such soft bricks must have 
been damp and now-a-days they would not find favour. As 

mentioned in Article 140 ante, the modern double pressed bricks 
are so compact and hard as to be practically imperishable, so 
that all chance of cutting and rubbing is out of the question. 

The bricks for cornices, string courses, 
etc., are therefore moulded to the special 
shape required before they are burned, so 
that the surfaces are just the same as 
those of the plain bricks. A Splay brick 
is shown at A Figure 58. Splay bricks 
are used for tops of base courses, chim¬ 
ney stacks, cornices, etc. Bull-nosed 

bricks (one is shown at B Figure 58) 
are made for jambs of doors, cornices of 
buildings and parts of mouldings. A 
section of a small cornice composed of two courses of moulded 
and one course of plain bricks is shown by Figure 57. The 

tops of all cornices and string courses should be weathered, that 

is inclined downwards towards the outer edge, with cement, and 
in particular work at the top should be flashed with lead as at A 
Figure 57. In the case of ornamental fronts some or all of the 
rings of the arches are built with bricks moulded on the outer 
ends. 

172 Fireplaces and Flues. —The arrangement of the flues 
from the various fireplaces in a house is a matter requiring skill 
and care, and is a most important part of the bricklayer's work 
for, if badly designed or carelessly built, they are the cause of 
much discomfort and ill-health. The sketch Fig.59 is intended to 
illustrate the various details connected with fireplaces and flues. 
Mostly the fire-place and its flue or flues between the floor and 
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ceiling of a room are contained in a projection which is called 
the “Chimney Breast”; and the small piers or parts of the 
Breast which are on each side of the fireplace are called the 
“Jambs.” In the sketch. Fig. 59, the space for the fire is shown 
with an arch over it supported on an arch bar, which may be 
2^in. x J^in. wrought iron. Fireplace arches are, however, 
sometimes built with a good rise, indeed often enough they are 
semi-circular in form and consequently do not need bars. As 
will be seen by the drawing the opening above the fireplace is 
gradually diminished until it becomes of the same size as the 
flue proper. This part from the top of the fireplace to the flue 
is called the “Funnel” (marked D on the drawing). The 
oversailing of the brickwork to form the funnel produces what 
are called “Wings” (marked C and F on the drawing)—the 
one that oversails the most (C on sketch) being called the 
“Gathering” wing. It will also be noticed that the funnel is 
not led directly into the flue, but is caused to bend towards one 
side first. This bend improves the flue by preventing down 

draughts. A bend just over 
the funnel is, however, only 
necessary when the fire¬ 
place is in the storey just 
under the roof, for in the 
cases of those flues which 
come from lower fireplaces 
there are bends which, 
from a constructive point 
of view, are unavoidable, 
but which also serve the 
useful purpose of prevent¬ 
ing down draughts. In 
the particular example 
given by Fig. 59 there are 
shown flues which lead 
from fireplaces in lower 
stories. These flues are 
brought up through the 
jambs and thence upwards 
as shown. Such is the 
general arrangement where 
fireplaces are one below the 
other (as they usually are) 
in the different stories 
between the flues are called 
“Withes,” see H. Fig. 59. It is essential to have the withes 



Fig. 59. 

of a building. The partitions 















































AUSTRALIAN BUILDING PRACTICE. 


97 


very carefully built so as to prevent any openings however small 
between the flues, for if there is any leakage of draught there will 
surely be a smoky flue. A portion of the front of the chimney 
breast, Fig. 59, is shown as removed with a view of illustrating 
the way that the brickwork is built to form the various flues, 
etc. The bond is, of course, a matter which depends on the 
curves and number of the flues, so that the principle underlying 
it can be best described as the getting of as much tie or break¬ 
ing of joints as possible. In ordinary work it is the custom to 
build the Breasts with the space between the 4j4in. next to the 
outermost flue and the 4Kin. of the outer sides of the Breast 
hollow, so producing what is called a “POCKET.” It is, however, 
much better to build the breast solid. Each fireplace should 
have a separate flue, and the longer the flue the better the draught. 
It is to be remembered that the draught upwards in the flue is 
caused bv the ascent of the heated air from above the fire, con¬ 
sequently it is important to prevent the ingress, over the fire, of 
more cold air than can be heated. In other words the flue will 
not act if too much snace exists between the top of the fire and the 
head of fireplace. Neglect of this point has produced more 
smoky flues than any other cause. The outlet of the flue, that 
is the top of the chimney stack, should be above the highest part 
of the building or nearly adjacent buildings. If not, the eddies 
produced by the walls or roofs will cause down draughts. Trees 
near to chimney stacks are very often the cause of smoky flues, 
for the same reason. Flues for ordinary room fires are pin. x 
oin. in cross section; but for large fires, as for instance 
those from kitchens, they are made 14m. x pin. Flues 
14m. x 4^in. have been built, but the size (though 
allowing of a flat breast) is awkward. The bends in the 
flues should not be too sharp, but should be gradual and regular 
(see I. J. K. Fig. 59). Any angle under 130° is too low. During 
the building there is danger of the flues at the bends being made 
too narrow, so that special care is necessary at these places. It 
is a good plan to employ a chimney-sweep to put his brushes 
through the flues prior to the taking over of the building from 
the builder, so as to discover in time any stoppages or defective 
bends. 

173- Flues should be rendered with lime, or Portland 
cement, mortar and finished quite smooth; and with a view to 
preventing damage by fire it is necessary to take care that timber 
or other inflammable material is not built in nearer than at least 
4/4in. to the inside of the flue. 

174. Hearths. —The stone slabs about 6in. thick which were 
at one time usually used for the hearths, or floors of 
fireplaces, are now almost entirely superseded by concrete. In 

11 
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the case of ground floor or basement fireplaces, the concrete is- 

laid on to a filling of stone spawls which is kept in place by a 

brick hearth wall, and for those floors where such a method can¬ 
not be adopted, as for instance, upstair floors, the concrete is 

put into a case or box formed with timber in the floor. In 

common building the concrete is rendered on the top and trowel¬ 
led off to a smooth finish, but in work of a first-class character 
the surface is generally formed with glazed hearth tiles, which 
admit of artistic treatment, and make a sound, imperishable top 
surface. 

175 Essentials of Good Brickwork.—To have good brick¬ 
work it is essential that the bricks shall be well shaped, and of 
proper size, that they shall be laid square with the face of the 
wall, and perfectly level, and also that the mortar joints shall 
be well filled and neither too thin nor too thick. If these con¬ 
ditions are fulfilled the joints will be regular, the courses will 
be horizontal, and the “perpends” will be well kept. Keeping 
the “perpends” means that similar joints of similar courses are 
arranged one above the other in perpendicular lines. The bricks 
should be perfectly rectangular in shape, while the size depends 
upon the thickness of the joint adopted. By reference to Art 
74 ante it will be seen that joints about Y'm. thick make (other 
things being equal) the strongest brickwork. The thickness of 
bricks is generally ^in., but this is not of much consequence, the 
length and width being the dimensions which affect the bond. 
To have joints Y'm. thick the bricks should be 9in. long and 
wide, as can be easily demonstrated by drawing, full .size,, 
a portion of a brick wall. If the joints are to be thick 

the bricks will require to be 4 5/i6in. wide, and so on. The joints 
both horizontal and vertical should be well filled up with mortar. 
It is in this particular direction that most of the harm is occas¬ 
ioned by careless and unscrupulous bricklayers by their neglect 
to fill up the joints. A wall built with only the outside of the 
joints filled with mortar cannot be strong, nor proof against the 
weather, so that every attention should be given to the thorough 
filling of them. The best way to provide for the joints being 
well filled is to grout up each course with Grout or liquefied 
mortar 1 see Art. 71 ante). There is, however, some objection 
to be raised against the use of grout on account of the weaken¬ 
ing tendency of the water added for liquefaction. On this 
account many engineers and architects avoid using it, and ensure 
the joints being well filled with mortar from the trowel by con¬ 
stant supervision. 

176 Finish of the Joints. —Wherever the bricks are to be 
left exposed the joints should be “struck.” This is generally 
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done by running the trowel along the joint pressing it smooth, 
and finishing it with a slight inclination downwards and outwards. 
Care should be taken that the inclination is not inwards, for, 
when finished in such a way there is a tendency to turn the rain 
water into the wall and dampness will result. The struck joint 
is much improved if the lower edge is cut off with the trowel. 
This is called a “struck and cut” joint. Of course where the 
surfaces of walls are to be covered with plaster, or cement 
rendering, the joints are left rough so as to afford a “key” for 
the plaster or cement. Tuck pointing is another way of finish¬ 
ing brickwork joints and is done after the wall is built as follows: 
— The mortar is raked out to a depth of about J4 in. and the 
space is refilled with a mixture composed of cement and sand, 
coloured to match the tint of the bricks. This filling is made 
fiat and flush with the face of the wall. The joints are then 
lined out with a narrow white line (about l /%m. wide) formed 
of lime putty. Tuck pointing, though generally adopted,, is not 
to be recommended, for It is only too often made the means of 
covering up defective brickwork — the white lines being run over 
the faces of the bricks to remedy faulty “perpends,” and ugly 
thick joints are disguised by the filling, thus rendering bad work 
unnoticeable. 

177 - Thickness of Brick Walls — The following tables, and 
notes relating thereto, are taken from the “City of Sydney Im¬ 
provement Act.” They will be found to contain information re¬ 
garding all ordinary cases of building, and may be followed with 
safety and economy. 


TABLK XIX. 

Showing thickness of external and party walls of Dwelling Houses. 


Height up to 100 ft. 

Length up to 45ft. 

One story ... 27 in. 

Two stories ... 22$,, 

Three stories ... 18 

Remainder ... 13$ ,, 

L ength exceeding 45ft. 
i Wall to he increased in thick 
j ness in each of the stories 
below the uppermost two 
stories by 4Ain. (subject to 
provisions respecting dis- 
1 tribution in piers). 

Height up to 90ft. 

Length up to 45ft. 

One story .. 27 in. 

Two stories ... 221 ., 

Three stories ... 18 ,, 

Remainder ... 13$ ., 

Length exceeding 45ft. 

1 Same as above. 

Height up to 80ft. 

Length up to 45ft. i 

One story ... 221 in. 

Two stories ... 18 ,, 

Remainder ... 13$ ,, 

Length exceeding 45ft. 
Same as above. 
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TABLE XIX.—Continued. 


Showing thickness of external and party walls of Dwelling Houses. 


Height up to iOtt. 

Length up to 45ft. 

One story ... 22^ in. 

Two stories ... 18 ,, 

Remainder ... 13$ ,, 

Length exceeding 45ft. 
Same as above. 

Height up to 60ft. 

Length up to 45ft. 
Two stories ... 18 in. 

Remainder ... 13A ,, 

Length exceeding 45ft. 

One story ... ... 22 in. 

Two stories ... 18 ,, 

Remainder. ... 13$ ,, 

Height up to .50ft. 

Length up to 30ft. 

One story ... 18 in. 

To below topmost 

story.13$ ,, 

Remainder ... 9 ,, 

Length exceeding 45ft. 

One story. 22 in. 

One story . 18 ,, 

Remainder . 13$ ,, 

Length up to 45ft. 
Two stories ... 18 in. 

Remainder ... 13$ ,, 

Height up to 40ft. 

Length up to 35ft. 

To below topmost 

story . 13$ in. 

: Remainder ... 9 ,, 

Length exceeding 35ft. 
One story ... ... 18 in. 

To below topmost 

story . 13$ 

Remainder... ... 9 ,, 

Height up to 30ft. 

To below topmost 

story . 13$ in. 

Remainder ... 9 ,, 


Height up to *25ft. 

Length up to 30ft. 

If two stories ... 9 in. 

If more than two 
stories to below 
i topmost story 13$ ,, 

' Remainder ... 9 ,, 

Length exceeding 30ft. 

To below topmost 

story . 13$ in. 

Remainder... ... 9 ,, 


“If any storey exceeds in height sixteen times the thickness 
prescribed for the walls of such storey in the above table, the 
thickness of each external and party wall throughout such storey 
shall be increased to one sixteenth part of the height of the storey; 
but such additional thickness may be confined to piers properly 
distributed, of which the collective widths amount to one fourth 
part of the length of the wall.” 
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TABLE XX. 

Showing thickness of walls of Public Buildings and Warehouses. 

The thickness of walls at the top and for sixteen feet below 
the top to be 1 3^4in., and the intermediate parts between base 
and such sixteen feet, to be built solid between straight lines on 
each side of wall from base to lower part of the top sixteen feet. 
For walls not exceeding 30ft. in height the topmost storey 
walls may be 9in. thick. 


Height up to 100ft. 

Length up to 45ft. 
Base . 27 in. 

Length exceeding 45ft. 

Wall to be increased in thick¬ 
ness from base to within 
16 feet of the top by 4$ in. 
subject to provision re¬ 
specting piers. 

Height up to 90ft, 

Length up to 45ft. 

Base . ... 27 in. 

Length exceeding 45ft. 
Same as above. 

Height up to 80ft. 

Length up to 45ft. 

Base . in. 

Length exceeding 45ft. 
Same as above. 

Height up to 70ft. 

Length up to 45ft. 
Base . 22iin. 

Length exceeding 45ft. 
Same as above. 

Height up to 60ft. 

Length u ]) to 45ft. 

1 Base . 22A in. 

Length exceeding 45ft. 
Base . 27 in. 

Height up to 50ft. 

Length up to 30ft. 
Base . 18 in. 

Length exceeding 45ft. 
Base . 27 in. 

Length u}) to 45ft. 
Base ... 22Jin. 


Height up to 40ft. 

Length up to ,‘15ft. 

Base ... . : _ 13£in. 

Length up to 45ft. 
Base . 18 in. 

Length exceeding 45ft. 
Base ... ... 22^in. 

Height up to 30ft. 

1 Length up to 45ft. 

Base 1 . L’Uin. 

Length exceeding 45ft. 
Base .. ... 18 in. 

Height up to 25ft. 


Length unlimited. 

| Base ... ... 13^in. 


“If any storev exceeds in height fourteen times the thick¬ 
ness prescribed for the walls of such storey in the above table the 
thickness of each external and party wall throughout such 
shall be increased to one fourteenth part of the height of the 
storey; but such additional thickness may be confined to piers 
properly distributed, of which the collective widths amount to 
one fourth of the length of the wall.” 

178- Terra Cotta is a material now much used in connection 
with ornamental brickwork for fronts and other exposed parts 
of buildings, and if well designed and of good quality it looks 
really will. This material makes a logical and harmonious 
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finish for brickwork, and our climate is very suitable for its use. 
Judging by examples of Australian Terra Cotta it is not too much 
to say that better material for its manufacture could not be got 
than that available in the Australasian States, and the general 
use of Terra Cotta in connection with brickwork is only a ques¬ 
tion of time. It is, however, to be hoped that its general use 
will not degenerate into the awful abuse of continual repetition 
of certain stock designs of an alleged ornamental nature which 
has so characterised the use of cement stucco for architectural 
purposes. Terra Cotta ornament should be specially designed 
by the architect, and modelled by hand, for though moulds are all 
right for plain blocks and for diapers and such other forms, the 
exigencies of casting prevent the production of pleasing and beau¬ 
tiful designs. 

179. The composition of the clay is a matter of great im¬ 
portance, for color and surface are matters demanding much 
more attention than is the case with the best class of bricks. The 
body of the Terra Cotta must be partially vitrified, to ensure 
durability, and the surfaces must be free from all blotches and 
flaws, and of uniform colour. From what has been written about 
bricks it will be quite clear that these conditions are difficult to 
meet. A fairly pure clay with a little iron can be used for Terra 
Cotta, by adding either sand, ground glass, or burnt clay, to 
prevent shrinkage. The best is, however,, mostly obtained by 
judicious mixing of several kinds of clay. The manufacture of 
Terra Cotta is not carried out in all places in the same way, but 
the following short description may be taken as a fair illustra¬ 
tion of the process. The different kinds of clay after being 
excavated are weathered by long exposure to the disentegrating 
effects of the atmosphere, and then separately ground up and 
mixed with water. Piles are then built up of layers of clay, each 
layer being composed of a certain kind. Vertical cuts are then 
made through the pile, thus getting a bit of each layer, and the 
portions so cut off are ground up and thoroughly worked in pug 
or grinding mills, after which the clay is ready for moulding. 
When the shape or design of the bio cl: or piece is to be repeated 
moulds made of plaster are used for shaping purposes, but when 
only one piece is to be made the modelling is done by hand. After 
moulding or modelling, as the case may be, the blocks are very 
carefully dried and then burned, or rather baked, in covered down 
draught kilns. Undoubtedly one of the most difficult things in 
connection with the manufacture of Terra Cotta is the prevention 
of warping and cracking due to unequal shrinkage. As before 
pointed out sand or burnt clay is mixed with the clay to prevent 
shrinkage as far as possible. The blocks are also made hollow so 
as to reduce the amount of material. Despite these provisions, if 
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the greatest care is not exercised the work will crack when 
drying, and it requires skilled attention to successfully supervise 
the drying. Attention should therefore be given when design¬ 
ing that the block will be such that all its parts will dry at an 
equal or nearly equal rate. 

180. The color of Terra Cotta ranges from a white to a 
dark red—the tints mostly are from light buff to light red. With 
the use of chemicals it is as with bricks possible to obtain almost 
any colour. It is, however, very unusual to depart from the 
natural colours of the clay. Terra cotta is used 

for bases, skewbacks, corbels, capitals, window and 

door heads, window sills, copings, jambs, mul- 

lions, panels, and in the thousand and one ways that stone may be 
used as dressings ior brickwork. The parts or blocks are built 
in, in much the same way that stone is, and the joints are 

pointed with cement mortar, which is generally tinted to match 
the colour of the Terra Cotta, 
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CHAPTER V. 

BUILDING STONES. 

181. Classification of Rocks. —The rock formations from 
which the building stones are obtained may be classified under 
three heads, namely :— 

(1) Igneous. 

(2) Sedimentary. 

(3) Metamorphic. 

182. Igneous Rocks are those which have been forced up into 
or through the crust of the earth in a molten or plastic state by 
th? action of heat. This group is divided into sections as 

follows:— 

(a) Orthoclase Rocks. 

(b) Plagioclase ,, 

(c) Olivine „ 

183- Orthoclase Rocks.-— In this section the principal silicate 
is orthoclase or potash feldspar, which occurs either in its com¬ 
mon white or pink form or as sanidine (that is, in glassy con¬ 
dition). Hornblende, mica, and apatite, occur commonly. Free 
quartz in blebs or in definite crystals also occurs in many of the 
rocks. Of the igneous group these rocks contain the most silica. 
Granite, Syenite, Porphyry, and Trachyte are orthoclase rocks. 

184. Plagioclase Rocks. —The rocks in this division of the 
igneous group contain some variety of lime or soda feldspar and 
either augite or hornblende. Free quartz also occurs in some of 
them, but they usually contain much less silica than do those of 
the orthoclase division. Basalt, Dolerite, and Diorite are plagio¬ 
clase rocks. 

185- Olivine Rocks are comparatively few in number. They 
consist principally of the mineral Olivine. Augite, Hornblende, 
and Mica also occur in these rocks. 

186. Sedimentary Rocks are those which have been formed by 
the deposition of some kind of sediment, or detritus, or from the 
remains of plants or animals. This group contains the largest 
number of rocks, many of which are of the greatest value in 
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building work. A feature of this class of rocks is that generally 
they are stratified. The group may be subdivided into three 
sections, viz.; — 


(a) Fragmental or Clastic Rocks. 

(b) Chemically Precipitated Rocks. 

(c) Rocks formed by the remains of plants or animals. 

187- Fragmental Rocks are formed in a mechanical manner 
from the detritus or sediment from the destruction of the older 
rocks. Conglomerate, Breccia, Sandstone, and Greywacke are 
among those rocks which have been formed in such a way. The 
hard fragments are cemented together with a matrix, and a mass 
is produced ranging from a loose to a compact body, according 
to the hardness of the fragments and the quality of the cement¬ 
ing medium. 

188. Chemically Precipitated Rocks are formed by the precipi¬ 
tation of the mineral matter held in solution by water. Carbon¬ 
ate of Lime. Sulphate of Lime, Chloride of Sodium, Silica, Car¬ 
bonate of Magnesia, and Salts of Iron are abundantly deposited 
in such a way. The Oolitic, Pisolitic, and Travertine varieties of 
Limestone, and also Dolomite and Gypsum have been formed by 
chemical precipitation. 

189, Rocks formed by the remains of plants and animals. 

Very extensive accumulations have been, and are now being 
formed of the remains of plants and animals. Owing to the 
fact that Carbonate of Lime is largely secreted by animals in their 
shells and skeletons, ir forms the chief substance in rocks of 
organic origin. Chalk and Crinoidal Limestone are rocks formed 
from the remains of animals. The other rocks in this section 
(coal, for instance, which is a mineralised vegetation) are of no 
use in building work, and need no notice. 


190. Metamorphic Rocks are those which have been changed 
liom their original structure either by heat or by pressure or by 
hotli combined. The term is, however, generally applied to the 
recrystallisation which sedimentary rocks have undergone 
through the action of heat and pressure. Marble affords an 
example of this kind. Originally a limestone formed by organic 
agency or by precipitation, it has been changed into a crystalline 
structure by the action of heat and pressure due to igneous erup- 
tions through it. The schistose rocks such as Gneiss and Mica 
w ate are metamorphic, the schistose condition being brought 
a )ont by enormous pressure and shearing. Clay Slate is another 
! ock wlllc h may be taken under the head of metamorphic, 
because though originally a sedimentary rock its structure has 
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been changed to that of a fissile character by the action of 
pressure. 

191. In the following' articles will be found the various building 
stones described as regards the above classification, and with par¬ 
ticulars as to physical qualities, from the builder’s point of view. 

Granite. 

192 Granite, one of the igneous rocks of the orthoclase sec¬ 
tion, is a holocrystalline compound of feldspar, quartz and mica; 
the crystals of these minerals being in simple apposition, and 
large enough to be distinctly visible to the naked eye. The feld¬ 
spar predominates and is mostly orthoclase, but sometimes feld¬ 
spars of the plagioclase group are present. In colour the feld- 
spathic crystals are either pink or some tint of red, but sometimes 
are pale grey, and rarely of a greenish tint. The quartz occurs 
in the form of colourless or grey crystals; and the mica in 
bright glistening scales. The greater the quantity of quartz 
present the more durable will be the stone; but the presence of a 
large quantity of the quartz makes it very difficult to work. The 
feldspar crystals should be small and lustrous, for, if they are 
large and dull, they are likely to be decomposed, and consequently 
a source of great weakness. The mica is the weakest of the 
ingredients, and is very liable to decay. Many other minerals 
occur in small quantities. Of these iron is very dangerous if 
in combination with sulphur as pyrites, for decomposition is 
liable to take place and the sulphur set forth forms into sulphuric 
acid and destroys the stone. It requires considerable skill to 
judge as to the probable durability of a granite stone, but the 
leading points are as set out above, namely, the presence of a 
fairly large quantity of quartz, and small lustrous crystals of 
feldspar. 

193- Porphyritic Granite. - Occasionally granite is found in 
which there are large crystals of feldspar embedded in the much 
less defined and smaller crystals of the other constituents. Rock 
of such a structure is called Porphyritic Granite. 

194. Syenite is a holo-crystalline rock composed of orthoclase 
and hornblende, and is distinguished from granite on account of 
the absence (or almost so) of quartz and mica. As the crystals 
of the hornblende are black or dark green, syenite is of a dark 
colour, and is consequently not so pleasing as the true granite. 
In the case of orthoclase, quartz, mica, and hornblende all being 
present, the rock so formed is called Syenitic Granite. This 
latter kind is usually a dark, compact, and very durable rock. 
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195- True granite, syenite, and porphyritic granite, are popu¬ 
larly all classed as granite in ordinary building classification. 

196- Granite, Syenite, and Porphyritic Granite are very hard 
to work on account of their great hardness, and it is only in 
costly buildings that this can be used. These stones are best 
fitted for a massive style of architecture, where the walling sur¬ 
faces may be left rough or rock faced, and where the only dressed 
work is that of the plinths, columns and other ornamental parts, 
which may be polished. 

197- The following may be taken as representative of the 
chemical composition of granite and syenite. Granite : Silica 
72.07, Alumina 14.8 r, Peroxide of iron 2.22, Potash 5.11, Soda 
2.79, Lime 1.63, Magnesia 0.33. Syenite : Silica 59.83, Alumina 
16.85, Peroxide of iron 7.01, Lime 4.43, Magnesia 2.61, Potash 
6.57, Soda 2 44. 


Trachyte. 


198 . Trachyte, one of the igneous rocks of the orthoclase 
division, is of a compact porphyritic structure and is composed 
normally of Sanidine (plagioclase sometimes being present) and 
hornblende, mica, augite, etc. The porphyritic crystals are 
usually of sanidine, while the matrix consists mainly of minute 
feldspar crystallites. In colour these rocks vary from grey and 
yellow to red brown tints. 


199. Trachyte is found in all of the provinces, but is seldom 
quarried for building purposes. A rock very much like trachyte, 
nit which, according to the Government Geologist of New South 
VV ales (who has made a careful investigation) is really a syenite, 
las been found at Bowral, in N.S.W. This rock is known in the 
building trade as trachyte and is a very good stone of a bluish 
grey colour. An analysis by the mineralogist of the N.S.W. 
.lines Department shows the constitution of this Bowral 
trachyte’ 5 to be as follows:—Moisture at 100 deg. o.c., 0.68,. 
Combined water 1.52, Silica, 57.14, Alumina, 16.13; Ferric Oxide 
4.69, Ferrous Oxide 4.00; Manganous Oxide trace, Lime 1.44, 
lagnesia 0.63, Potash 5.07, Soda 4.87, Phosphoric Acid 0.25, 
Carbonic Acid 1.42, Sulphuric Acid 0.30,, Chloride Sodium 0.04. 

T, he ® om P°sition chemically, of Trachyte on the average 
is as to Hows:—Silica 60.0, Alumina 17.0, Protoxide of iron 80 
Magnesia 1.0, Lime 3.5, Soda 4.0, Potash 5.0. 
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PORPIIV-RY. 

201- Porphyry, also a rock of the orthoclase group, consists 
of large crystals of orthoclase interspersed throughout a matrix 
which is composed of quartz, and orthoclase intimately mixed. 

202* The Porphyry Rocks are as a rule difficult to obtain in large 
blocks, and consequently are not generally much used in building 
work. The more beautiful kinds when polished have a fine 
appearance and are greatly valued for such purposes as panels 
and shafts of small columns in architectural work. 


Basalt, Dolerite, Diorite. 

203- These Rocks are also of the igneous class but of the 
plagioclase sub-section. Basalt or bluestone is a dark compact 
homogenous rock composed of plagioclase, augite, magnetite, etc.; 
the structure being such that the component minerals are too 
minute to be seen by the naked eye. The kind in which the grains 
of the constituent minerals are coarse or large enough to be 
visible without the use of a miscroscope is called Dolerite. 
Diorite or greenstone is closely allied to the Basalts, the main 
difference being that the mineral hornblende occurs in it and 
causes the greenish tint that is the characteristic feature in the 
appearance. 

204* Like the Granites the Basalt rocks are very difficult to 
work, and consequently for masonry work they are costly. Again, 
on account of their sombre appearance, they are far from attrac¬ 
tive and are only suited for architectural work of a heavy style. 

205-Basalt and Diorite are composed as follows:— Basalt: 
Silica 45.00, Alumina 15.00, Magnesia 6.50, Lime 10.50, Soda 3.50, 
Potash 1.50, Oxide of Iron and Manganese 15.00. Diorite: 
Silica 53.20, Alumina 16.00, Potash 1.30, Soda 2.20, Lime 6.30, 
Magnesia 6.00., Oxides of Iron and Manganese 14.00. 


Sandstone. 

206- As pointed out in Art. 187, sandstone is a sedimentary 
rock of fragmental structure, the fragments being grains chiefly 
of quartz, but sometimes of a calcareous or argillaceous charac¬ 
ter. The cementing material or matrix may be either of a 
siliceous, calcareous, ferruginous or argillaceous nature. Mica, 
glauconite and other minerals occur in proportionally small quan- 
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titles in sandstones. According to the predominence of the par¬ 
ticular mineral, sandstones are classified as follows:— 

(a) Siliceous Sandstones. 

(b) Calcareous „ 

(c) Argillaceous „ 

I hose kinds in which the mica is in comparatively large quanti¬ 
ties are called Micaceous Sandstones. 

207 The best kinds are those which are composed of sharp 
clean grains of quartz cemented together with a siliceous matrix. 
Sandstones composed of grains of carbonate of lime and a sili¬ 
ceous matrix, or those with quartz grains and lime matrix, should 
stand fairly well, but, of course, would not, especially in town 
atmospheres, be nearly as durable as those of the imperishable 
quartz grains and siliceous matrix. Stones composed of argil¬ 
laceous grains or matrix are liable to decay and disintegration, 
and are seldom used for building purposes. 

208 Sandstones may be obtained perfectly white, or in colours, 
ranging from grey, yellow, brown, red, to dark blue. White 
stone shows absence of iron and other colouring minerals. Iron 
1S ^ le us ual cause of the colour of sandstone. For instance, 
hydrated peroxide of iron being present causes various shades 
of yellow, while the different tints of red are caused by anhydrous 
peroxide of iron. Bluish colours are caused by phosphate of iron. 
Glauconite gives a greenish tint. 

209. Sydney is surrounded with sandstone quarries, from which 
excellent building stone is obtained. The best known of all the 
quarries about Sydney are those at Pyrmont, from which a fine 
grained and durable stone of even texture, which turns yellow on 
exposure, is obtained. Under the microscope a sample of this 
^one shows the grains to be clean and sharp, and the whole mass 
appears as bright and lustrous. This stone stands M. Brard’s 
sulphate of soda test fairly well. There are also quarries at 
v\ averley and Marrickville, from which similar stone is obtained. 
Good stone is also quarried at various other places not far from 
the city. I he chemical composition of Sydney sandstone is as 
follows: Moisture at too c. .45, combined water 1.40, silica 
87.60, alumina 8.53, ferric oxide .03, ferrous oxide .10, lime .60, 
magnesia .29, potash .28, soda .45, sulphuric acid .11, phosphoric 
acid trace, chloride of sodium trace, soluble silica .40* The 
sample giving the above analysis was from Pyrmont. Speci¬ 
mens of excellent sandstones of more or less fine grained texture 
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from Maitland, Ravensfield, Rutherford, Clarence Town, Mor¬ 
peth, and Paterson, in the Hunter River District, are exhibited in 
the Mineralogical Museum at Sydney. Sandstone suitable for 
building purposes is also obtained at Molong, Orange, Goulburn, 
Burrowa, Albury, Mudgee, etc. 

110. Sandstone is a most useful stone for building purposes, 
not only because it is fairly easy to work, and if of good quality 
is of a durable nature, but also because it is attractive in its ap¬ 
pearance as plain wailing, and is well suited for moulded and , 
carved work. 


Breccia Conglomerate. 

211. Breccia and Conglomerate rocks are, like sandstones, 
composed of pieces of older rocks held or bound together in a 
matrix; but the fragments are large—that is, larger than what 
would be called sand—hence the difference between these rocks 
and sandstone. When the fragments are angular in shape the 
rock is called Breccia. On the other hand when the fragments 
are rounded like gravel or pebbles the formation is known as 
Conglomerate. Both Breccia and Conglomerate rocks are useful 
for building purposes, though, of course, not nearly so useful as 
the various kinds of sandstone. 

212. Breccia occurs generally in variegated colours, and where 
the fragments are of Crystalline Limestone it is polished as a 
marble. 

Conglomerate (which it may be noted is sometimes called Pud¬ 
ding Stone) is called quartz-conglomerate, limestone-conglom¬ 
erate, etc., as the character of the rounded fragments may be. 


Limestone. 

213- Limestone is a sedimentary rock, composed chiefly of car¬ 
bonate of lime, which has been formed either by chemical precipi¬ 
tation or from the remains of marine animals. Extensive lime¬ 
stone beds have been formed of the shells and skeletons of 
animals,^ and, according to geologists, most of the limestone has 
been formed in this way. Shelly or crinoidal limestone when of 
a compact character is valuable as a building stone. Many of 
the limestones of organic origin are, however, of a loose and 
crumbling nature, and quite unfitted for building work. The 
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limestones formed by chemical precipitation, are Oolite, Pisolite, 
Travertine, Gypsum, Dolomite, and Hydraulic Limestone. Oolite 
which is composed of very small round grains is a useful build¬ 
ing stone. Pisolite is the name given to the stone when the grains 
are about the size of a pea. Travertine is a concretionary forma¬ 
tion of the carbonate of lime. Pisolite and Travertine are, like 
the Oolite, very valuable as building stone. Gypsum (hydrated 
sulphate of calcium) and the Hydraulic Limestone ( i.e contain¬ 
ing a certain amount of alumina) are used more for conversion 
into cements than for building stones (see Arts. 46 and 60), 
and need no notice under this head. The compact white and 
translucent variety of gypsum takes rank, however, as a rare 
building stone for use in ornamental work for interior decora¬ 
tions, and is known as Alabaster. Dolomite is a Magnesium lime-, 
stone composed of varying proportions of carbonate of lime and 
carbonate of magnesia, and is a stone of durable quality and well 
fitted for building purposes. 

214. Limestones are obtained from black to white and in 
colours ranging from light cream to yellow, all shades of brown, 
grey, greenish grey, and blue. 

215. As a class the limestones are valuable because they are 
fairly easy to work, are uniform in colour over any particular 
kind, and if old world experience is to be taken into account, are 
capable of lasting a long time even in city atmospheres. The 
best kinds are those which are dense and of homogeneous struc¬ 
ture and of crystalline texture. 


Marble. 

216. Marble is a crystalline limestone found generally in the 
vicinity of igneous rock, though originally formed either by preci¬ 
pitation or from remains of animals. Its crystalline character has 
been caused by the action of heat or other agents of meta¬ 
morphism, and hence may be put under the heading of meta- 
morphic rocks. The name marble is, however, by no means 
devoted entirely to those limestones which are thoroughly crystal¬ 
line in structure, for as a general rule the name is given to all 
limestones which are hard enough to take a polish. For beauty 
of appearance marble is quite unequalled, but being comparatively 
scarce (i.e., the more beautiful kinds) can be used only for the 
ornamental parts of buildings. Consequently, from a construc¬ 
tive point of view marble has not the importance of the more 
abundant and generally used building stones. 
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217 Marble may he obtained either pure white or white 
marked with veins, black, and in all shades and arrangements of 
colour. The most valuable on account of the rarity of its occur¬ 
rence is the pure white, such as that from Carrara, which is 
used for statuary. This kind is composed of carbonate of lime, 
and has a crystalline texture like the finest loaf sugar. The 
veins, tints, and shades which produce the beautiful figuring of 
the colored marbles are caused by the presence amongst the car¬ 
bonate of lime, of minerals, such as iron, etc., in an oxidised state. 
The black appearance of some kinds is caused by the presence of 
bituminous matter. 

218. As pointed out above there are many kinds of coloured 
compact limestones and breccias, which though not crystalline in 
structure, are capable of being polished. These stones are 
known as marbles. Of this kind is the encrinal or shell marble, 
composed of shell fossils which give the characteristic markings. 

219- The best white marble for statuary is got from Carrara 
(Italy), but a creamy white of great beauty and by some prefer¬ 
red to Carrara is obtained from Greece; this marble is called 
Parian. A white marble with dark veins called Silician from 
Italy is much used in all the Australian cities. Emperor’s red 
is the name given to a very fine red marble from Portugal. 
Sienna, obtained from Italy, is a yellow marble with veins, and is 
also largely imported into Australia. Rouge Royal, obtained 
from both France and Belgium, is a beautiful red and brown 
marble with veins. Purbeck from England, a marble much used 
by the mediaeval builders, is a shelly marble of a grey color. 
Paonazza an Italian translucent white marble with dark veins is 
a beautiful kind for interior work. 

220- The Coloured marbles are used mostly for veneer work in 
panels, etc., for interior decorations, but they are also much 
used for shafts of columns, balusters, and so on. Figured 
marble should not be carved, for the figuring or marking renders 
the carving useless by destroying the lines of ornament. It is 
the white marbles which are specially fitted for carving, as all 
the gradations of light and shade caused by the curved lines and 
surfaces are easily apparent in the spotless material. For this 
reason white marble is used for statuary and for all kinds of 
work, such as capitals, which are enriched by carving. 

Serpentine. 

221. Serpentine is a massive compact rock of the metamorphic 
class consisting of olivine and enstatite with, occasionally, glau¬ 
conite. In colour it is generally dark green, with a beautiful 
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figured surface when polished. This rock is used in the same 
way as marble for interior decorations. Some very fine kinds 
are obtained in the States—a rather light green kind, with 
vein-like figuring, from Bingara, in New South Wales, being 
specially beautiful. 

Slate. 

222 . Slate is a rock of argillaceous composition with laminated 
structure. According to geologists the laminae or planes of slaty 
cleavage have been caused by great pressure during the lapse of 
time, and though originally a sedimentary formation, may now be 
properly taken under the head of Metamorphic Rocks. The 
laminae are not necessarily parallel to the \ lanes of stratification 
—indeed, they generally make great angles therewith. Owing 
to the laminated or fissile structure the rock can with ease be 
split up into thin slabs or sheets. The better kinds of slate are 
much used for roof covering, for which purpose the rock on 
account of its great hardness and resistance to water absorption 
is well suited. Slate is also much used for door-steps, window¬ 
sills, nosings, pavement slabs, and for various sanitary fittings. 

223- Slate may be obtained of different colours, such as red, 
purple, blue, green, yellow, and grey. As in the case of the 
other rocks, the colours are due to the presence of various 
metallic oxides. 

224. Large quantities of slates are imported, the best amongst 
which are those from the Welsh quarries. Of the Welsh the 
best known are the purple and blue colours from Bangor, in 
Carnarvonshire. Green slates of good quality are also obtained 
from Westmorland, in England. A great quantity of blue slate 
comes from America, but it is of very poor quality. Some green 
slate (also from America) of which a lot has been used recently 
is of better quality than the blue coloured, but yet are not nearly 
so good as the Welsh kinds. Although slate of very good quality 
is quarried in the Australian States there has so far been 
very little used. The Castlemaine (Victoria) grey slate is a 
very hard and durable kind. At Bathurst (N.S.W.) a slate of a 
good quality is quarried. Slate is also obtained in Mintaro, in 
South Australia, and at Back Creek and Piper River, in Tas¬ 
mania. 

Localities or Various Australian Building Stone:. 

Igneous Granite (Red). 

Nlvv South Wales: —Albury, Barren Jack, Braidwood, Bun- 
gendore, Rungonia, Broula Hills (Covvra), Carrick, Cooma, 
Cowra, Grenfell, Inverell, Jerangle, Jindabyne, Maffra, 
Mudgee, Mulloon Creek, Murrumbateman, Rvlstone, 
larrgo, Tarana, Trial Bay, Wombeyan. 
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Victoria: —Gabo Island. 

Queensland: —Gilbert Gold Fields. 

South Australia: — Port Elliott. 

Granite (Grey). 

N.S.W.:—Alburv, Adelong, Arnprior, Bathurst, Braidwood„ 
Breadalbane, Bredbo, Bungendore, Burrowa, Collingwood, 
Cooma, Cowra, Goulburn, Gunning, Harden, Inverell, 
Jerangle, Lake Bathurst, Montague Is., Moruya, Oberon. 
Tamworth, Tenterfield, Trial Bay, Tumut, Uralla, Yass r 
Young. 

Victoria :—Sandhurst, Harcourt. 

Queensland *—Rav nswood (green). 


Gneiss. 

N.S.W.:—Bungendore (Yellowish). 
Cooma (Grey). 

Pomeroy ( Grey ). 


Syenite. 

N.S.W.:—Bowral (This stone is generally, but erroneously* 
called Trachyte). 

Victoria :—Gabo Island. 

Porphyry (various colors). 

N.S.W.:—Bredbo, Burrowa, Canberra, Cowra, Currawong, 
Goulburn, Hall, Michelago, Murrumbateman, Uriarra, Yass. 

Queensland :—O’Connelltown (pink). 

Diorite. 

N.S.W.:—Bumbaldrv, Goulburn, Jerangle, Tarago, Tumut, Wee 
Jasper. 


Basalt. 

N.S.W.:—Dundas, Inverell, Jerangle, Kiama, Orange, Camden, 
Goulburn, Cooma, Jervis Bay, Mittagong, Liverpool, 
Bathurst, Parkes, Blavnev, Nun die, Tamworth, Armidale, 
Lismore, Hill End, Wellington, Dubbo, Mudgee. 

Victoria :—Melbourne. 


AUSTRALIAN BUILDING PRACTICE. 


115 


N.S.W.: — Prospect. 


Dolerite. 


Sedimentary. 

Sandstone (F ragmental ) . 

N.S.W.:—Albury, Clarence Town, Burrowa, Goulburn, Maitland, 
Molong, Morpeth, Mudgee, Paterson, Orange, Ravensfield, 
Rutherford, Sydney (Pvrmont, Waverley, etc.). 

Victoria: —Darley, Geelong, Bacchus Marsh, Stawell, Barrabool 
Hills. 

Tasmania: —Kangaroo Point, North West Bay. 

Queensland: —Brisbane, Grantham, Goodna, Helidon, High- 
field, Murphy’s Creek. 

Breccia Conglomerate. 

N.S.W.Bathurst. 

Limestones. 

N.S.W.:—Dubbo, Parkes, Orange, Cow Flat, Junee, Goulburn, 
Mudgee, Port Stephens;, Bulli, Queanbeyan, Yass, Gundagai. 

Victoria: —Waurn Ponds, Portland, Warrnambool. 

Queensland: —Broken River, Gladstone, Ravenswood, Rock¬ 
hampton. 

South Australia: —Manoora, Mount Gambier District. 

New Zealand: —Omaru. , 

Metam ORPHIC. 


Serpentine. 

N.S.W.:—Bingara. 

Slate. 

N.S.W.:—Bathurst. 

\ ictoria :—Castlemaine 
South Australia: — Mintaro. 
Tasmania: —Back Creek, Piper River. 
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New South Wales Marbles. 

Arranged according to color. 

Marbles (Red to Mellow). 

N.S.W.:—(a) (Variegated) Bingara, Bucheroo, Bumbaldry, 
Burrowa, Caleula, Carroll, Coolalie, Fernbrook, Jeir, 
Limekilns, Marulan, Michelago, Molong, Mudgee, Parkes, 
Portland, Warialda. 

(b) Crinoidal) Kempsey, Michelago, Nemingha. 

(c) (Brecciated) Attunga, Bingara. (Red) Borenore, Fern- 
brook. 


Green. 

Binalong, Queanbeyan. 


Black 

Taraga, Windellama, Wee Jasper. 


Black and White. 

Orange, Rylstone, Springhill. 

(Crinoidal) Bibbenluke Gresford, Rockley. 

White and Statuary. 

Abercrombie, Brundle Creek, Caloola, Cow Flat, Gilmore, 
ITavilah, Michelago, Parkes, Wombeyan Caves. 

Blue and Grey. 

(Variegated) Bungonia, Cowra, Cudal, Michelago. 

(Brecciated) Blue Borenore. 

Laminated. 

Adelong (Gilmore), Gilmore, Morongo, Queanbeyan, Tarra- 
bandra. 

Other Australian Marbles. 

Queensland: —Ravenswood, Broken River, Gladstone, Rock¬ 
hampton. Warwick.: 

South Australia Kapunda, Macclesfield. 
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225- Selection of Building Stones —In the selection of stone 
for building purposes the matters to be considered are as 
follows:— 

(1) Durability. 

(2) Cost of getting and working. 

(3) Appearance. 

The matter of probable durability is, of course, the most im¬ 
portant, though the question as to cost of getting and working 
cannot be disregarded; and as a rule both of these questions 
have to be considered as of weight in the selection. Appearance 
sometimes is important, but at all times looks must be of secon¬ 
dary importance to lasting qualities. 

226. Causes of Destruction —Before dealing with the tests 
for the determination of probable durability it will be necessary to 
notice the causes which tend to produce the decay or destruct’on 
of building stones. These causes may be set down as follows:— 

(1) Rain. 

(2) Wind. 

( 3 ) Variations of temperature. 

(4) Vitiated atmosphere. 

(5) Stresses. 

( 6 ) Wear and tear. 

(7) Fire. 

Bain, wind, and variation of temperature, are natural causes 
of decay and act separately as well as conjointly to bring about 
destruction. The rain-water gets in to a greater or lesser degree 
according as the stone is porous or compact, acts on the consti¬ 
tuents, and changes their form, thereby producing disintegration. 
The wind helps by driving the rain in, and also acts separately 
by blowing dust and sand continually against the stone, thereby 
wearing it away. Change of temperature from hot to cold, if 
ra pid, is injurious, causing, as it does, a too sudden contraction, 
which is followed by cracks. A reduction of temperature to 
freezing point has a disastrous effect on stone saturated with 
water, for the increase in bulk of the water owing to freezing 
causes rupture throughout the saturated parts. The impure 
atmosphere about all cities and manufacturing towns is most 
injurious to many kinds of stones which contain ingredients 
liable to be attacked by acids. Constant wear in the building is 
a mode of destruction to which only some parts, such as door- 
s teps, are subjected to. Transverse, compressive, and shearing 
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stresses are within the control of the designer, and the stones 
should not be subjected to more than they can safely bear, which 
can be determined by experiment. Many of the building stones 
are quite unable to stand the temperature of ordinary fire. This 
is especially the case with some of the hard stones, such as granite, 
and there'have been many serious collapses during the early 
stages of building fires owing to this unfortunate weakness. 

227. The matter of most importance as far as durability is con¬ 
cerned is that the structure of the stone shall be of a favourable 
character. The composition may be good, but if the structure is 
such that the stone is loose and porous the quality of durability 
will be found wanting. The best structure is that of a thoroughly 
crystalline character, a fact which is well illustrated by Carrara 
marble, the composition of which is exactly the same as some of 
the loose and easily destroyed limestones, yet, owing to its 
thoroughly crystalline structure it is a most durable stone. It 
will be clear from what has been written above regarding des¬ 
truction by rain water that smallness of percentage of water 
absorption is of importance, for water saturation is bound to take 
place if the stone is loose or porous. It is, however, to be noted 
that hard stones are not always the most durable, especially in 
some kinds of air, and under special conditions, such as obtain 
during fires. As opposed to wear by abrasion or in resistance 
to stresses the heavier stones are as a rule the strongest. 

228. Examination of Stone —The suitability of stone for 
building purposes may be determined by various methods of 
examination and by tests. The tests and kinds of examination 
used are as follows:— 

(1) Microscopical examination. 

(2) Field examination. 

(3) Chemical analysis. 

(4) Acid tests. 

(5) Brard\s sulphate of soda rest. 

(6) Percentage of water absorption test. 

(7) Crushing, cross-breaking and shearing tests. 

(8) Fire resistance tests. 

The microscopical examination is of the greatest value, for 
under the microscope the composition, condition and combina¬ 
tion of the ingredients, and the physical structure are all exhi¬ 
bited so that a very reliable opinion may be formed as to the 
probable behaviour of the stone. Chemical analysis, though 
useful, is not nearly so good, for although the kinds and several 
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proportions of the various constituents are determined, no indi¬ 
cation of the chemical combination is given. It is of course true 
that chemical analysis and microscopical examination can (at 
least with any degree of usefulness) only be made by those well 
versed in chemistry and petrology, consequently these methods are 
not generally within the range of the architect or builder. Ex¬ 
perienced chemists and petrologists are, however, always available, 
and their opinion should be obtained if little is known about the 
weathering qualities of the stone, especially if the work is impor¬ 
tant. An easy method of estimating the probable durability, and 
one which is within the range of all to make, is what may be 
called a field examination. This consists of visiting the quarry 
from which the stone is obtained and making a careful examina¬ 
tion of the effect of the weather upon the stone. In addition 
to the visit to the quarry it will be well to visit the buildings in 
which the stone has been used, when a further examination may 
be made as to its weathering qualities. The value of the informa¬ 
tion so gained will, however, be very little if the weather and 
kind of atmosphere is different to that in which the stone is to 
be used. 

229. Acid Tests are made on stones which are to be used in an 
impure atmosphere. These tests are made by applying a solution 
of hydrochloric, sulphuric or other acid, as the case may require, 
and ^carefully observing the effects. Stones containing carbonate 
of lime are acted on by hydrochloric acid—the action being indi¬ 
cated by an effervescence which is more or less brisk as the quan¬ 
tity of the carbonate of lime varies. 

. 230 Brard’s Test is really an imitation of the action of frost, 
tic destructive effects of which have already been mentioned. The 
process of testing is as follows:—A specimen of the stone is 
soiled for about half-an-hour in a saturated solution of sulphate 
of soda ; the specimen is then immersed for about a couple of hours 
111 a cold solution of the same chemical, after which it is suspended 
ln a dr y place. The stone becomes saturated more or less, ac¬ 
cording to the degree of porosity, with the solution of sulphate 
of soda which crystallises as it dries and increases in bulk with a 
corresponding tendency to split and disintegrate the stone. The 
quantity of stone detached or disintegrated is weighed, and the 
percentage which it is of the original weight of the specimen care- 
idly determined. The greater the percentage of disintegration 
the poorer the quality of the stone. 

231. Water Absorption —It will be clear from what has already 
? en wr hten regarding destruction by rain water that smallness 

P ercen tage of water absorption is of the greatest importance, 
or water saturation will take place if the stone be loose 
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or porous. The percentage of water absorption may be deter¬ 
mined as follows:—A specimen is carefully dried and weighed; 
it is then immersed in water for 24 hours, after which it is again 
weighed. The increase of weight is then found, and the percen¬ 
tage which the increase is on the original weight determined. The 
acid, water absorption, and Brard’s tests are comparatively easy 
to carry out, and together serve to estimate the probable lasting 
power of a stone in a very reliable way. 

232 The Compression Transverse and Shearing Tests should 
be made with proper testing machinery, and are only of value 
when made under the supervision of a competent testing 
Engineer. For such works as piers, columns, lintels, corbels, 
etc., the loads to be borne should be carefully calculated, and a 
sufficient quantity of stone should be allowed to provide for a 
fair margin of safety. Rankine has suggested that the dead 
load should not be more than 54, and the live load not more 
than y&th of the strength of the stone as determined by experi¬ 
ment. 

Table XXI. shows the crushing weight of some well-known 
building stones. 



Kind. 

Locality where obtained. 

Crushing 
Strength 
in lbs. per 
sq. inch. 

Percentage 

of 

Absorption. 

Remarks. 

Average No. 
of Tests. 

1 

Gran it• .. 

Barren Jack . 

15388 


3 

2 


Gabo Island.. 

15904 


3 

3 

— 

Moruya . 

14156 

•418 

3 

4 

— 

Tentertield 

12577 



5 

Trachyte 

Bowral 

18569 


3 

6 

Syenite .. 

Gabo Island 

25088 



7 

Basalt 

Mell>ourne, Victoria 

10908 

1-158 


8 

Sandstone 

Belmore 

14022 


3 

0 

— 

Bundanoon .. 

5667 


3 

10 

— 

k'yriuout 

5420 

2-970 

3 

11 

— 

Ravensfield 

10707 


o 

12 

— 

Willoughby. 

38.30 


8 

13 

— 

Marrickville, * Hen* u’«' Quarry 

4032 

3-773 


14 

— 

,, ,, ‘G. -ten’s’ ,, 

. 5510 

3-343 


15 

— 

Waverley. 

4524 

3*253 


16 

— 

Parramatta 

3040 

3-497 


17 

— 

Darley, Victoria 

2118 



IS 

— 

Geelong, 

2150 



19 

— 

Kangaroo Point, Tasmania 

2956 



20 

_ 

North West Bay, ,. 

2089 



21 

— 

Adelaide, South Australia 

2800 



22 


Brisbane, Queensland 

1553 



23 

_ 

Bacchus Marsh, Victoria .. 

1949 



24 

Marble .. 

Attumra .. .. .. j 

10124 


3 

25 

_ 

Warialda .. .. .. j 

4493 


3 

26 

_ 

Caleula . 

16889 


3 

27 

— 

Kempsey .; 

15933 


3 

28 

— 

Fernbrook 

' 13949 


3 

29 

— 

Borenore 

12349 


3 

30 

— 

Springhill 

16732 


1 

31 

Limestone 

Warrnambool, Victoria ., 

, 5035 



32 

— 

Omaru, New Zealand 

4580 



33 

Slate 

Mintaro, South Australia.. 

19240 

•564 



Test lf» made by Prof. Warren at Sydney University. Tests 17 to 21 from a paper by Mr. ,1. 
G. Knight, read before the Victorian Institute of Architects. All other tests made 
by the author at the Sydney Technical College. 

Note.—All stones unless otherwise stated) are of New South Wales. 
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1 , CHAPTER VI. 

MASONRY. 

233. Seasoning’ of Stone — Stone should be seasoned by 
exposure in the air some time before being set in the walls of the 
building. The exposure causes the quarry water, or “sap,” to 
be evaporated, and the stone becomes harder. It is best to have 
the stone worked up as soon after quarrying as possible, so that 
the increase of hardness may take place in the finished shape of 
the block. It is a great mistake to rework a stone, the face of 
which has been seasoned by exposure,, for the increased hardness 
seems to be greater at the face, and the removal of the “skin” 
makes way for rapid decay. This being the case it will be ob¬ 
vious that it is quite wrong to rechisel and rub down fronts of 
old stone buildings, as is sometimes done. 

234. Position of Stone — Stones should be laid on their 
“natural beds,” that is, they should be set with their layers of 
formation, or deposition, horizontal. Cornice Stones arc, how¬ 
ever, an exception to the general rule, for they should be set with 
the laminae, vertical. If horizontal, the^ layers of the projecting 
parts are likely to flake off- In the case of igneous rock the 
position is not of importance on account of the absence of lamina¬ 
tion. 


235- Before describing the kinds of stone walls it will be 
necessary to make clear the meaning of the following terms:— 

“Scab-bled” is the term given to the method of roughly finish¬ 
ing or dressing a stone with the axe, which is a kind of pick with 
chisel or axe-shaped cutting ends. “Axed” is a term given to 
the same kind of dressing as scabbling. “Quarry Faced” is the 
term for the faces of the stone left as when quarried. When the 
edges of the quarry face are struck off to a rough arris the face 
is called “pitched.” A “draft” is a narrow, clean chiselled hand 
run round near the edges of a face or bed. “Clean chiselled” 
means that the face is chiselled down to a smooth surface. When 
the surface shows a series of clearly worked furrows, left by the 
chisel, the work is called “Tooled.” 

236 Stone Walling may be divided into two classes as fol¬ 
lows :— 

(1) Rubble. 

(2) Ashlar. 
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There are three kinds of rubble, namely:— 

(a) Random Rubble. 

(c) Random Rubble built up in courses. 

(c) Squared Rubble uncoursed. 

(d) Squared Rubble built in courses. 

(e) Coursed Rubble. 

237- Random Rubble consists of unhewn stones, of 
varying- sizes, laid so as to fit between, and against, each other 
as well as possible, but without any attempt to arrange for 
courses. 

238- Random Rubble Built up in Courses is composed 
of the same description of stones as the Common Rubble, but, as 
shown at A, Figure 6o, the work is levelled up to horizontal 
joints at regular intervals up the wall. 

239. In both of the kinds above mentioned it is necessary 
to provide a large number of stones long enough to extend 
through the wail, and to have them distributed as evenly as possible 
throughout the wall. Rankine says that there should be at 
least enough of these “headers” or “through” stones, as they are 
called, to have their ends make 24 th of the area of the face of the 
wall. Such headers are to provide for the requisite cross bond. 
A great deal depends upon the mortar; therefore it should be of 
good quality; and, care should be taken to have all joints and 
crevices filled, to make sure of which, it is as well to have the 
work “grouted up” at frequent intervals. The crevices between 
the larger stones should be filled with small pieces of stone as 
well as with mortar, but, it is only in such places that the small 
pieces may be used, for a wall composed of a large number of 
small pieces will be weak. 

240- Squared Rubble Uncoursed— The stones for this kind 
of masonrv are roughly squared, the beds are horizontal, and the 
joints are fairly uniform in thickness ; but the courses are short, and 
vary in height. See B. Figure 6o. The remarks made above as to 
the quantity of headers applies equally to this kind of rubble wall. 
All kinds o*f rubble walls should have large, roughly squared, or 
hewn corner stones, or “quoins.” as shown at A and B, Figure 
6 o, to give the necessary extra stability at the angles. The 
pointing of the joints of rubble work should be done with cement 
mortar, the degree of finish of which, of course, will depend on 
the importance of the work, but, it should always be done suffi¬ 
ciently well to keep rain water out. The usual way is to tuck- 
point it with cement, the tuckpointing line being about y 2 in. 
wide. 


AUSTRALIAN BUILDING PRACTICE. 


123 



Co. 




























































































124 


AUSTRALIAN BUILDING PRACTICE. 


Squared Rubble Built in Courses is squared rubble 
brought to a level course throughout its length at every 10 to 14 
inches in height. 

In Squared Rubble straight vertical points are often allowed, 
so long as they are not more than a foot or so in height, for 
uncoursed work, and not more than the height of a course in work 
built in courses. 

“Coursed Header Work” is rubble similar to that shown in 
Fig 60, except that the headers or bondstones are each of the 
full depth of the course in which they occur, the intervals between 
them being filled in with smaller stones. 

Coursed Rubble or Regular Coursed Rubble, or 
“Shoddies,” consists of stones laid in courses, every stone in the 
same course being of the same height; the courses may, however, 
vary in height from 4 to 8 inches. 

241- Ashlar consists of carefully hewn blocks of stone, laid 
in courses of uniform thickness. An example of Ashlar is shown 
at C, Figure 60. The blocks are fairly large, but should not be 
very long, because, if beyond a certain length, a tendency to 
break, transversely, arises. The safe length is put down by 
authorities as not more than five times the height, when good hard 
stone is used. In Ashlar work the courses are usually 12 inches 
high, so that the longest stores are seldom beyond 5 feet, though 
in first-class work where the beds are made with the utmost pre¬ 
cision this length is sometimes exceeded. It is not. however, 
necessary to have all the stones of the same length, for, provided 
the joints are broken, the stones may vary (see C, Figure 60.) up 
to the maximum adopted. The breadth of the stones should not 
be more than 3 times the height. 

242. When the thickness of the wall is such that it is not 
possible to have every stone go through, it becomes necessary to 
provide for cross bond by having as many stones (if not right 
through) going as far into the wall from each face as possible. 
The joints of the best kind of Ashlar vary from i/ioin. to i/8in., 
but there is a lot of Ashlar walling done with joints much thicker. 

243. The greatest care must be taken, especially in the 
case of piers, to have the bed surfaces chiselled round near the 
edges and axed in the middle, so as to be perfectly fair and even 
throughout on everv stone. If one of the bed surfaces is concave 
and allows a bearing at the edges onlv, the stone will solit at the 
joint, causing what is known as a “flushed” joint. See G, Figure 60, 
for an illustration of failure due to concave bed surface. On the 
other hand, if the bed surface happens to be convex, and conse- 
cuently bearing on the centre only, the stone is likely to split in 
the middle as shown by H, Figure 60. 
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244. The outer surfaces of the stones for Ashlar work are 
finished in a variety of ways, the styles most generally adopted 
being the following:— 

(i) Clean chiselled to a fair surface. (2) Clean chiselled to a 
fair surface and rubbed quite smooth with stone and water. In 
addition to the last, the edges are sometimes elaborately moulded, 
and a panel worked on the face of each stone; sometimes a rabate 
is sunk on near its joint; this is called “Rusticated." (3) A mar¬ 
gin “draft,” either clean chiselled, or tooled, varying from 1 inch 
upwards in width, is chiselled round the edges and the included 
part of the face left “rock” or “quarry” faced as at D. Figure 60; 
or finished “sparrow picked,” or “patent axed,” as at E, Figure 
60; or “tooled” as at B, Figure 60; or “vermiculated” as at F, 
Figure 6o. The methods of finish are, however, multitudinous, and 
combinations are adopte 1; for instance, the corner stones, or 
quoins, only, are often treated in an elaborate manner, and the 
surface of wall left with plain faced blocks. For the inside, if 
the wall is to be plastered, the face is roughly dressed or 
“scabbled.” 

245. On account of the thinness of the joints in Ashlar work 
it is necessary to have the mortar quite free from coarse grit or 
pebbles. The mortar used should be composed of Portland 
cement and clean sifted sand. The outer part of the joint, that 
is to about 1 inch from the face, is usually filled up with oil putty, 
the pointing thereof being like either one of the three sketches 
shown at N, Figure 60, the middle one being the style which is 
most adopted. The vertical joints are “grouted up” and 
generally grooved for grouting. The grooving is formed by 
cutting a groove semi-circular in cross section, in the end of each 
stone. The groove branches into two or three as it gets towards 
the bed of the stone. These groves are cut in each stone so that 
they will exactly coincide when the stones are placed end to end. 
When the stones are set, the groove is filled with cement mortar 
run in as grout. The groove joint greatly increases the 
strength of the wall, for, when set quite hard, the cement forms a 
stiff intermediate body, in the form of a branch projecting into 
each stone, and renders removal of either a matter of difficulty. 
A stone grooved at one end is shown at D, Figure 60. 

246. In the cases of Towers and Steeples, retaining 

walls, and other kinds of masonry where great strength is re¬ 
quired it is usual to dowel and cramp, or joggle the stones together 
A dowkul is a piece of metal, or hard stone, projecting into each 
of two adjacent stones. A cramp is a piece of metal shaped so 
us to extend over the joint, and into two adjacent stones with 
the object of holding them together. A joggle is shown 
at E, Figure 60. Such a joggle would be made 

out of basalt or granite. A metal cramp is shown at F, 
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Figure 60. Cramps are generally made from lin. to 2in. wide 
by from %in. to 94 in. thick and I2in. long. Iron should never be 
used for cramps or dowels unless well galvanised, for it will 
surely oxidise and split the stone. Copper and bronze are the 
best metals to use for cramps. The metal cramps are bedded 
and held in place firmly by cement, or else by brimstone, which 
is melted in a pot and run in hot. It was the general custom to 
use lead which was run in a molten condition into the crevices, 
but, owing to the tendency of lead to be effected by atmospheric 
change, its use has been greatly curtailed. It is however still 
used a great deal. The joggles are held by cement run in as 
grout. 

247. Ashlar Facing —In many cases it is too expensive to 
have the walls composed of Ashlar blocks throughout, and the 
facing onlv, is of Ashlar, with the inner or back part composed 
of Rubble or Brickwork. With such work the most important 
matter is the question of cross bond between the facing and the 
backing. The cross bond is obtained by having plenty of headers 
from the Ashlar going well into the backing. Owing to the 
greater number of joints in the backing it has a tendency to settle 
more than the facing. Difference in settlement will cause cracks, 
and consequently, unstable walling. With a view to minimising 
the difficulty cement mortar should be used in the backing. 

248. Block in Course. —When the courses of stones are 
less than T2in. deep and when the work is of a rough (though 
not necessarily weak) character the walling instead of being 
called Ashlar is known as '‘Block in Course.” 

249- The vertical joint between two walls of greatly different 
heights should not be made by bonding the stones of one into the 
other, for, on account of the greater number of mortar joints in 
the higher wall, it will settle most, and cracks will take place as 
a result of the unequal settlement. The best connection is to 
have one wall let into a vertical groove in the other as shown 
bv plan at P Q, Figure. 6o. In the sketch the wall P, is shown 
as let into the wall Q, so that if Q settles more than P the 
movement may take place without destruction to either. The 
vertical joints between new and old walls should, also, always, 
be made in this way. 

250. Stone Footings —It was pointed out in Art- 24 ante • 
that Masonry is not as good as concrete for footings; never¬ 
theless it often happens that masonry if not altogether unavoidable 
is owing to circumstances of supply the most convenient to use. 
Footings for verv light walls mav be composed of rubble masonry, 
but where the weight is at all considerable the stones should be 
in large blocks. The stones should also if possible be wide 
enough to allow of the bottom course being in single stones 
crosswise. In some cases where the walls are of great weight 
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it is impossible to have only one stone in the width of each 
course of the footings. More than one stone in the width 
necessitates careful bonding, and also that the courses shall be 
well bedded. For such work the stones should at least be roughly 
squared, but, if possible, the bed joints should be prepared with 
chisel draft and axed to a fair surface. The best kinds of stone to 
use for footings are granite, syenite, basalt, and the best of 
hard sandstone. 

Base Course. — A course of stone generally about four 
or five courses of brickwork deep, is very often built 
in at about the level of the ground floor, in external brick walls, 
to mark the difference between the basement and upper walls. 


251. Stone Cornices and string courses should be composed 
of long stones with their laminae vertical and laid with very close 
vertical joints- In tjje best work it is usual to form a little 
ridge along each joint on the weathered top of the cornice. See 
sketch J, Fig. 60. This method of top finish causes the water 
to be turned off quickly from the joint, thereby preventing the 
water soakage and consequent decav which takes place when 
the cornice joints are wide and carlessly made. The ridge 
is small being only about Tin. high and 2in. wide. The exposed 
plane and curved surfaces of the cornices and string courses 
are finished either, clean chiselled only, or clean chiselled and 
rubbed smooth. Care should always be taken to so proportion 
the projection of the cornice that its weight will be fully counter¬ 
balanced by the superwalling or blocking course. In the case 
of crowning or pediment cornices having no blocking course or 
superwalling above, the overhanging part should be much lighter 
tiian the part resting on the wall. When the cornice is to be 
put on the side as well as front walls care must be taken with 
the corner cornice stone. The cornice stones along the straight 
of the walls have projection from one side only, but the corner 
stone will have the projection from two sides, consequently in 
a case where the cornice along the wall is just counterbalanced 
the corner piece would be overweighted if not given extra super¬ 
wall. The extra superweight is generally put in the form of 
some kind, of corner ornament such as a pedestal with urn or 
statue. 


252. In case of cement stucco cornices or string courses, 
the inside or “core” of the projection is generally composed of 
stone roughly hewn to a shape somewhat smaller, but 
approximating to that of the finished cornice. The “cores” are 
set in the wall and the cement mouldings run on them. 

253. Stone Copings should be built with stones as long as 
possible, for the fewer joints the better. In good work it is 
best to have the joints ridged at the top. as described for cornices 
in the last article. Sometimes the tops of the copings are 
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rounded, sometimes sloped to one side only, and at other times 
sloped or weathered to both sides, as at i, Fig. 60. In no case 
should the coping be quite flat on the top. The coping should 
project on each side so as to effectually protect the wall. 
The projection is seldom less than 2in-, but may range 
from iin- upwards at the will of the designer. In all cases the 
lower surface of the projection should have a groove called a 
“throat” run along it as shown at i, Fig. 60. When inclined 
as on a gable the coping should be secured at the lowest point 
bv a stone called a “kneeler” (see L, Fig. 60), which is built 
into the wall and makes a solid footing. 

254. Door Steps should be in single stones and the quality 
should be of the hardest. Granite and Basalt make excellent 
door steps. Slate, in slabs about 2in. thick, is also a good stone 
for the purpose and it is much used. In ordinary house building 
the kind most used is sandstone, but it is not able to stand the 
constant attrition and wears away very quickly. Door steps 
are generally clean chiselled on exposed surfaces, and in the 
case of sandstone the surfaces are occasionally rubbed fine. A 
more elaborate finish, such as nosing and mouldings, is often put 
on. The stones for door steps should be at least Qin. longer than 
the width of opening, so that there may be q^in. into the wall on 
each side. The ends of the steps, only, should be bedded, that 
is to say, the middle parts should not rest on the wall underneath. 
This is to prevent breaking, which is likely to occur should the 
parts of the wall on each side settle more than that under the 
door opening. If built in brickwork the thickness of the stone 
steps should be such as to correspond with some number of 
courses of brickwork. Approach Steps , like the door steps, 
should always be of hard stone. 

255 Window Sills —The form of plain window sills 
generally used is shown at R, Fig. 6o. This kind runs either 
4 V 2 m. or pin- into the wall on each side of the opening and pro¬ 
jects about 2in. from the face of the wall, the under surface 
of the projection always being “throated” as shown. The top 
from the wood sill is “weathered” with a good slope downwards 
towards the front, while the projections of the ends are finished 
on the top wi.h a scotia or splay. To make sure of keeping the 
water out it is best to put a water bar of galvanised iron or 
copper into the top of the sill and into the bottom of the wood 
sill as shown by the sketch. As in the case of the door steps 
the sills should be bedded only at the ends. If the sills are to 
be used in brickwalling the thickness should correspond with 
some number of the courses. 

25 A Lintel is a stone beam spanning an opening and 
carrying the superimposed wall. When the span is beyond 
three or four feet it is necessary to have a relieving or discharging 
arch built over the lintel. The arch is of stone or brickwork. 
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as the wall above may happen to be, and is built on the same 
principle as a relieving arch. Jf the walling be brickwork the 
bearings of the lintel on each side of the opening should be 
cither 4j4in., 9m., or so as to suit the bond of the brick¬ 

work ; while the height should agree with some number of the 
courses. Thin column-like vertical pieces of stone called 
“Mullions” are often used to divide a large lintel headed opening. 
In such cases care must be taken to avoid building the ends of 
the lintel into heavy pieces of walling, for the settlement of the 
piers and mullions will be unequal, and either the lintel will be 
broken, or the mullions crushed. Good hard stone should be used' 
for lintels, and if of laminated structure the layers should be 
vertical with their direction in the length of the lintel. A com¬ 
posite lintel is formed with three stones across the span; the 
centre stone being put in like a keystone in an arch. 

257. A Corbel is a stone, or stones, projecting in the form 
of a bracket to support a weight such as a girder in the spring 
of an arch. A plain corbel is shown at M, Fig. 60. Corbels 
permit of treatment as architectural features, and oftener than 
not are moulded and carved in an elaborate manner. Con¬ 
structively they should be strong enough to prevent being broken 
oil by the weight upon them, and care should be taken that the 
top bearing surface is perfectlv level, for, if the weight acts at 
the outer top corner of edge, breakage is more likely to occur. 

258- Buttresses are projecting masses of masonry built it 
intervals along a wall to increase its strength. They are usually 
diminished ip projection as the upper part of the wall* is reached, 
and the parts at which the decrease in projection is made are 
sloped off, generally as shown at K, fig. 60. To effectually 
serve their purpose the buttresses should be well bonded to the 
walls and should have good foundations. 

259. Masonry Arches are built on the same principles, 
and the terms used in connection with them are much the same, 
as described in the paragraphs on brick arches, the main difference 
being that the arch stones or voussoirs are all (unless in the very 
roughest rubble work) cut to the particular taper required. The 
outer edges or “drafts” of the joints should be very carefully 
clean chiselled and the inner parts of the joint surfaces carefully 
axed, for, as the arch stones have to do relatively more important 
work than the stones in the walling, failure from “flushed” joint, 
or round joint surfaces, should be specially guarded against. All 
the joints should be grooved for grouting as described in Art. 
245 ante . 

260. Tracery —The stone used for the window decoration 
peculiar to Gothic architecture must be of a kind, such as sand¬ 
stone, which can be easily worked, on account of the great amount 
0+ cutting and dressing necessary to produce the slender and 
gracefully curved moulded bars which form the tracery , as it Is 

ic 
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Fig. 6l. 
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called. The various pieces to form the tracery should be very 
carefully jointed so as to avoid unsightly “kinks,” or bulges. 
The “cusps” or triangular projections from the inner curves 
of the tracery should not make lesser angles than 6o°, for, 
if less, the stone at these points will be too thin and will be 
rapidly decayed away. Figs. 61 and 62 are examples of stone 
tracery. The joints in the tracery should be strengthened with 
dowels. The dowels to be of trachyte, blue-stone, or granite, 
about i%in. x iMdn. x 4m. 

261- Stone Columns up to about 15ft. in height are made 
with the shaft out of one piece of stone, but, when exceeding 
this height, they are usually built with the shaft in several pieces. 
There are, of course, cases where very tall columns have been 
made with the shafts as monoliths, but the great expense incurred 
is sufficient to prevent such being the general rule. The caps 
and bases are, in all but very small columns, made in separate 
pieces. Where the columns are to bear weight, it is of the 
greatest importance to have all the joints of bases and caps, 
and joints of shafts (if the shafts he in several pieces) made 
perfectly true and at right angles to the axes of the columns. 
In addition to perfect joints, it is also necessary to have the 
columns set with their axes vertical. Another matter to be 
attended to is the bearing of the lintel, or other part of the super¬ 
structure, on the caps, for, care should be taken that the weight 
does not come on the abacus, or carving, but is borne by the 
solid part, which should be carried up about in. above the 
abacus. Fig. 63 is an example of small quarter columns on each 
side of architraves. These columns are built up in courses. This 
Fig. also illustrates on a small case the joipting of the stones in 
a pedimen.. 

262. Template (or templet) stones are placed in a wall, or 
on a pier, under a girder or other beam to distribute the weight. 
I hey should always be of a hard strong stone, and the thickness 
in all cases should be at least one third of the narrowest dimension. 
A piece of lead, or leather, should be interposed between the 
under surface of the girder and the upper surface of the template 
to mitigate the evil effects of irregularities which may be left 
after the dressing of the stone surface. 

263. Protection of Stone Dressings. —All the various 
parts of the stonework, such as doorsteps, window sills, mouldings 
and other ornamental work, should be cased in with timber, as 
soon after being set in position as possible, so as to prevent 
damage from falling material, and from the operation of the 
workmen. Care should, however, be taken that the timber used 
for the purpose wih not stain the stone, as will, for instance, 
most of the Australian hardwoods. 
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rig. 62. 
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Fig. 63 
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CHAPTER VII 

BUILDING TIMBERS. 

264- Putting on one side the relative values of different 
timbers (these will be dealt with hereafter) and taking the 
matter of felling in a general sense, the most important points 
to be attended to are the suitable age of the tree and the best 
season for felling it. 

265. The best age to fell a tree is when it has reached 
maturity, that is to say when it has got to the age after which its 
growth ceases to improve it, for, although a tree does continue to 
grow after having arrived at maturity, the rate of growth is very 
slow, and is attended with decay, especially in the heartwood. 
On the other hand, if cut down too young there will be a large 
proportion of sapwood, 4 and the heartwood will be wanting in 
hardness and density. Considerable experience is needed to 
judge with accuracy the time when maturity is just reached, 
but it is not difficult to distinguish when that condition has been 
passed, for the defects, such as heart decay, which inevitably 
occur, and the great decrease in the rate of growth, are good 
indications. 

266- Best Season to Fell Trees— Trees should be felled 
when the sap is not circulating, otherwise the timber got from 
them will be largely impregnated with sap, and will be sure to 
decay quickly. In tropical climates the sap is at rest in the 
drv season, while in temperate and cold places the winter is the 
time when the sap is down. It is difficult to lay down any hard 
and fast rule for guidance in this matter, on account of the over¬ 
lapping of the climates, and the peculiarities of various districts. 
It is, however, a very safe rule to avoid cutting down a tree 
if it is sending out new shoots and leaves. 

267. Seasoning Timber. —Although every effort should be 
made to fell trees only at the time when they contain the least 
sap, it is impossible to find a time when a living tree will contain 
no juice or sap. Whatever there is of sap must be got rid of, 
for. if left in the timber, it becomes an active element of des¬ 
truction, instead of, as originally, a means of nourishment, and a 
necessity of life. Moreover if made into Carpentry or Joinery 
work, while in a “green” or juicy condition, much trouble will be 
caused by its twisting and cracking. The expulsion of these 
juices is called seasoning and is brought about by either natural 
or artificial means. 
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268. Natural Seasoning is carried on by exposing the timber 
in stacks, so that the air may get all round it, but it should 
be protected from the sun’s rays, and from strong winds. The 
air dries the sap out, but the process is very slow, for it takes 
about four years of such exposure to fit a timber for Joinery 
work. The Australian hardwoods behave very badly under 
the process of natural seasoning, for the expulsion of the sap 
bv such means causes such large and numerous cracks, and so 
much twisting and warping, as to render a large percentage useless. 
It seems, therefore, that in the case of hardwoods at least, a 
system of artificial seasoning whereby the juices may be removed 
without cracking the timber, is greatly needed. For the sake, 
however, of expedition and thoroughness, there is much to be said 
in favour of artificial seasoning for all the timbers. 

269- Artificial Seasoning consists of extracting, by some 
means, the sap more quickly and, perhaps, more thoroughly than 
can be done by natural seasoning. There are many methods 
of artificially seasoning timber and many have been tried with 
success. Several of the methods are as follows:— 

(i) The timber is put into chambers and thoroughly 
steamed. Hot air is then injected into the chamber 
and the timber is well dried. 

The following table * shows the results of the treatment 
by this method of some specimens of Australian Hard¬ 
woods; judging from the great decrease in weight 
a large amount if not all of the sap must have been 
removed. 
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Rlackwood 
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52 
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Blue Gum 

Stringy Bark ... 

113 
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84 

82 

9| x U 

95 x It 


(2) Drying in hot air chambers without first steaming is 
often adopted; the air being heated to about 130°. 
The process is not as good as that above described, 
for the rapid action of the hot air is likely to crack 
the wood. 

(3) Another method (described in “Rivington’s Notes on 
Building Construction”) which is called McNeile’s 


From Proceedings of the Royal Society, N.S. YV. 
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method, consists of treating the timber in chambers 
filled with moist air charged with certain gases evolved 
from the combustion of fuel under the chamber. 

This process which is a patent one is largely used in 
England, and it is claimed that the wood treated by 
it is rendered harder and tougher, and, impervious 
to dry rot. 

(4) Water seasoning consists of putting the timber under 
water for some time, until the sap is driven out after 
which the timber is dried in the air. Salt water is 
the best for the immersion, as it makes the timber 
harder and more durable, but has,the drawback that 
it imparts to the timber the power of permanently 
attracting moisture. The timber should be fully 
submerged, for half under, and half out, of the water 
will do more harm than good. 

(5) A process called “Powellizing” has lately’ become 
much used. It consists of boiling the timber in a 
saccharine solution. 

270. Before passing on it is necessarv to mention that some 
authorities on the subject contend that artificially seasoned tim¬ 
ber is not so strong as that which has been naturally seasoned. 
If this be so, it is a matter still for debate as to whether the 
artificallv seasoned is not even then the best on account of the 
improved chances of durability. 

271. Selection of Good Timber. —The best part of the 
trunk of the tree is the heartwood, for the outer part, under the 
bark, called the sap wood, is the newest wood and is loose and 
spongy. The timber should therefore be from the heart of 
the tree. It should be free from sap ; or in other words thoroughly 
seasoned, and defects such as sun cracks, heart shakes (i.e. 
cracks radiating from the centre of the tree), cup shakes (i.e. 
circular cracks dividing the concentric layers of the wood) and 
gum veins. Knots should be avoided, unless the timber is 
selected for appearance, in which case the sound knots are often 
the centres of beautiful figures or markings. 

272- Causes of the Decay and Destruction of Timber.— 

The causes of decay and destruction of building timbers may 
be set down as follows:— 

(1) Fermentation of sap, causing decomposition of the 
wood. 

(2) Permanent dampness causing the development of wet 
rot. 

(3) Want of ventilation causing the development of dry- 
rot. 
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(4) Alternate conditions of wet and dry. 

(5) White ants- 

(6) Teredo. 

(/) Fire. 

273. The First Four Causes can with care and intelligence 
be easily avoided, for, if the timber is well seasoned there can be 
no trouble from fermentation of the sap, while permanent damp¬ 
ness or want of ventilation, can in house building exist only 
where there has been bad design or carelessness. 

274* The Wet Rotis a decomposition under conditions of excessive 
and continuous moisture, while the dry rot follows upon exposure 
in close confined and ill-ventilated places. The latter is a disease 
in the form of a fungus which eats into the fibres of the timber 
and reduces them to the condition of a dry powdery dust, 

275 . White Ants. -These insects abound in all parts of 
Australia, and destroy enormous quantities of timber annually. 
It is not at all uncommon to find cases where parts of buildings 
such as floors, roofs, and fittings are eaten away and rendered 
unsafe by these insects. They are very small, being not more 
than *4in. long, and a nest comprises millions of them. They 
eat away the wood from the inside without giving any outward 
indication of their presence. It is not certain that any kind of 
timber is exempt from their attack, though they attack the 
native timbers in preference to the imported kinds. There are 
many preparations in the market for coating timber to render 
it proof against them, but, if these washes are to be effective, 
care must be taken that the ants are not in the timber when 
supplied from the mill, for the solution may not penetrate right 
into the timber and their destructive action would be unchecked. 
The refuse from kerosene refineries called kerosene tar is good 
as a coating to guard against them, and will be rendered even more 
effective if arsenic be dissolved in it. When excavating the 
ground for the footings, etc-, a search should be made for old 
stumps and such should be carefully removed, as oftener than 
not white ants are contained in them. 

276 The Teredo is a marine worm which does much 
damage to timber submerged in or near salt water. 

CLASSIFICATION AND DESCRIPTION OF THE 
PRINCIPAL BUILDING TIMBERS USED IN AUSTRALIA. 

277 . The Indigenous Timbers of Australia are of excellent 
quality, and plentiful, and they are freely used in all kinds of 
building work, but exotic timbers are also imported in large 
quantities and extensively used. A description of the building 
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timbers, to be of use to the builder, must, therefore include the 
imported as well as the native kinds. 

For the sake, however, of clearness the imported timbers are 
taken separately. 


278. The following is a convenient practical classification of 
the various timbers:— 

1. Australian Hardwoods. 

2. Australian Soft JVoods and Figured Timbers. 

3. Imported Hardwoods, Soft Woods and Figured Timbers. 

4. Australian Pinewoods. 

5. Imported. „ 


279. The Australian Hardwoods are of the genera 
Eucalyptus, Syncarpia, Angophora, etc. The timber is of a 
close texture, heavy, and very hard. Most of it is, however, 
subject to cylindrical splits, which are filled with kino, and when 
drying or seasoning these splits and cupshakes are developed. 
These defects arise from what may be called a remarkable feature 
of the trees of the Eucalyptus genus, namely, a tendency to split 
in concentric layers, rather than in planes radiating from the 


pith or centre of the heart. 11 
as follow:— 

(1) Ironbark of various kinds. 

(2) Pale hardwoods. 

(a) Blackbutt. 

(b) White Mahogany. 

(c) Tallow Wood. 

(d) Spotted Gum. 

(e) Grey Box. 

(f) Stringybarks. 

(g) Peppermints. 

(h) Brush Box. 


principal kinds are classified 

(3) Red Hardwoods • 

(a) Red Mahogany. 

(b) Grey Gum. 

(c) Murray Red Gum. 

(d) Forest Red Gum. 

(e) Sydney Blue Gum. 

(f) Wollybutt. 

(g) Bloodwood. 

(h) Jar rah. 

(i) Karri. 

(]) Turpentine. 


In the description which follows the genera and species, as 
well as vernacular names, are given. 

280 . Ironbark —There are five kinds of Ironbark, namely:— 

1. White or Grey Ironbark. Eucalyptus panicxdata. 


2. Narrow-leafed 

3. Broad 

4. Red 

5. Silver 


crcbra. 
siderophloia. 
sideroxylon. 
melanophloia . 
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281. White Ironbark is the best of the five kinds, being the 
hardest and strongest. Obtained from Queensland, N.S.W., and 
Victoria. 

282- Narrow-leafed and Broad-leafed Ironbarks are of 
a red colour, and are valuable timbers though not so good as 
the White or Grey Ironbarks. The narrow-leafed species is 
found in the coastal districts of Queensland, and in N.S.W. as 

ar south as Port Jackson; while the Broad-leafed Ironbark 
belongs to Southern Queensland, and N-S.W. from Port Jackson 
northwards. 

283- Red Ironbark is deep red in colour. It is a good 
timber, though inferior to the three kinds before mentioned. 
It grows in Southern Queensland, N.S.W., Victoria, and South 
Australia. 

284- Silver-leafed Ironbark is not valuable, the trees 
being small and stunted. 

285. Taking the Ironbarks generallv, they are unquestionably 
the best of the Australian Hardwoods, being unequalled for strength 
in combination with durability. The timber may be distinguished 
by the texture, which much resembles that of horn, and a 

gumminess” which is noticeable when planing it. It is difficult 
to work up to a smooth surface, for, unless a very sharp tool is 
used, it tears very much. Ironbark is principally used in building 
work for storey posts and beams, but it serves well for any work 
where hardwood may be used. 

2.—PALE HARDWOODS. 

286. (a) Blackbutt. Eucalyptus pilularis .—This is a strong 
durable timber of a yellowish brown colour. It is generally 
straight grained, though at times it is found with a grain closely 
interlocked. Blackbutt grows in Victoria, New South Wales, and 
Southern Queensland. It is used for all kinds of house carpentry 
work. 

287- (b) White Mahogany Eucalyptus acmenoidcs .—This 
timber is of a whitish yellow colour, straight grained, and is 
noted as being durable. Chiefly used for flooring boards, slabs, 
rails, and palings- It grows in South Australia, New South 
Wales, and Southern Queensland. 

238- (c) Tallow Wood. Eucalyptus microcorys.—A timber 
of excellent quality; pale to dark yellow in colour, greasy in 
its nature, strong, durable, and easily worked. It is not so 
liable to shrink as the other hardwoods, whilst its distinguishing 
feature is its greasy nature above referred to. It is an excellent 
timber for storey posts, beams, joists, flooring boards, door and 
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window frames, sills, weatherboards, turnery, posts, rails, and 
indeed for building purposes generally. Though Tallow Wood 
is different to Blackbutt and White Mahogany, these latter tim¬ 
bers are often supplied where Tallow Wood has been wanted, for 
the three timbers are somewhat alike as regards general appear¬ 
ance. This substitution should be guarded against, for, although 
Blackbutt and White Mahogany are good timbers, they are not 
equal to Tallow Wood. Tallow Wood grows in the northern 
coast districts of New South Wales and up to Cleveland Bay in 
Queensland. 

289- (d) Spotted Gum, Eucalyptus maculata. —This tim¬ 
ber is used extensively in building work. It is of a light yellow 
brown colour, with a close wavy grain, very durable, and is 
tough, being particularly suitable for bending. Eucalyptus maculata 
grows in New South Wales and up to the centre of Queensland. 
It does not grow in Victoria; the spotted gum of that colony 
being a species (viz.. Eucalyptus goniocalyx) inferior in quality. 

290. (e) White or Grey Box. Eucalyptus hemiphloia .— 
Of a whitish yellow colour, very heavy, hard, tough, and close 
grained. It is not easily worked, but is suitable for posts, 
joists, rails, and other such work. Grey Box grows in New 
South Wales, Victoria, South Australia, and Southern Queens¬ 
land. A report was submitted in 1896, to the Minister for Mines 
and Agriculture, N.S.W., by a Committee appointed to inquire as 
to its value. The report, which has been published, contains 
means of information of a very valuable character, and, as a 
whole favourable to the timber. 

291. (f) Stringy Barks. Eucalyptus capitellata, Eucalyptus 

macorrhynclia. Eucalyptus cugenioiclcs and, Eucalyptus obliqua. _ 

E capitcllata is a straight grained, tough durable dark yellow 
brown timber. It is generally called brown stringybark. It 
grows in Queensland, Eastern Victoria, and New South Wales. 
E. macrorrhyncha is a stringy bark of New South Wales and 
Victoria. It is dark yellow and straight grained. E. eugenioides , 
called “stringybark,” “white stringybark,” and “broad-leaved 
stringybark,” is a pale coloured fissile timber which grows in 
Victoria, New South Wales, and Southern Queensland. E. 
obliqua is a very fissile timber, light to dark brown in colour, 
which is very much used for shingles, posts, rails, palings, etc. 
It grows in South Australia, Victoria, Tasmania, and Southern 
New South Wales. 

292- (g) Peppermint. Eucalyptus piperita and Eucalyptus 
amygdalina. —The former ( E . piperita) is a durable timber which 
grows in Victoria, New South Wales, and Queensland. E» 
amygdalina grows in Victoria, Tasmania, New South Wales, and 
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it is a durable, straight grained, and comparatively light timber. 
Both of these species are used as a rule only for posts and rails, 
shingles, and such rough carpentry work. 

293. Stringy Barks are often called peppermints, and vice 
versa, while peppermints are at times called Messmate. The 
timbers of these species are inferior to the other pale hardwoods 
mentioned in the preceding articlesi, and should not be used for 
other than rough building purposes. 

294. (h) Brush Box. Tristania conferta .—This timber 
possesses toughness, strength and durability. It is of a grey 
brown colour, and has an interlocked grain. Unless carefully 
seasoned, it splits and warps very badly. Brush Box grows in 
Northern Australia, Queensland and New South Wales. 

3. RED HARDWOODS. 

295. (a) Red Mahogany. Eucalyptus resinifera .—An ex¬ 
cellent timber of a rich red colour, strong and durable; which be¬ 
comes very hard with age. It resembles the American Mahogany 
hut is of a different order. This timber is suitable for building 
purposes generally, but is mostly used for weatherboards. Red 
Mahogany grows in New South Wales and Queensland. This 
timber has the reputation of resisting the Cobra. 

296. (b) Grey Gum. Eucalyptus propinqua .—A valuable 
red-coloured, close grained, hard timber, which is very durable, 
and much resembles, though not so strong as ironbark, for 
which it is often substituted. It grows in New South Wales and 
Queensland, and is used for all kinds of building work but 
principally for posts, beams, joists, rafters, and shingles, frames, 
and fencing. 

297. (c) Murray Red Gum. Eucalyptus rostrata .—A 
timber of a dark red colour very hard, and consequently difficult 
to work, but verv durable under the worst conditions, and is 
not destroyed by the teredo or by white ants. It can be used 
in building work to a great extent, but not generally, in places 
where it would require to be worked up with smooth surfaces. 
It grows over the whole of Eastern Australia. 

298 (d) Forest Red Gum- Eucalyptus iereticornis .—This 
timber is closely related to the Murray Red Gum described in 
the preceding article. It is a heavy close grained, light to 
dark red coloured timber which grows in Victoria, New South 
Wales and Queensland. Tt is useful for posts, beams, joists, 
rafters frames, flooring and fencing. 

299. (e) Sydney Blue Gum. Eucalyptus saligna .—A red 

coloured close wave grained timber, which may be easily worked. 
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This timber is suitable for posts, beams, joists, rafters, frames, 
sills, weatherboards flooring", and such parts of building’ work. 
It grows in New South Wales and Southern Queensland. 

300. (f; Woollybutt. Eucalyptus longifolia. —A timber 
which is defective on account of gum veins, and as a consequence 
is not much used in building work. It can, however, be some¬ 
times obtained in a sound condition, when it may be used for 
such purposes as posts, joists, rafters and rails. It grows in 
southern New South Wales and Victoria. 

301 (g) Bloodwood. Eucalyptus corymbosa ,—Like the 

Woollybutt this timber is subject to ugly gum veins so that it is 
not of much value for building work. It is generally used for 
posts and rails. It is durable; and it is claimed that it can 
resist the white ants; while it has, excepting for the gum veins, 
a pleasing appearance when planed uo to a smooth surface. It 
grows in southern Queensland and eastern New South Wales. 


302 (h) Jarrah. Eucalyptus marginata .—This is a 
remarkably fine West Australian hardwood which, of late years, 
has attracted much attention. It is of a red colour (much like 
Red Mahogany in appearance) with a close texture and slightly 
wavy grain. It is easily worked to a smooth surface. Jarrah, 
though not as strong as some of the other Eucalypti possesses 
the quality of durability in a high degree and is able to with¬ 
stand the teredo and white ants. It is suitable for posts, 
beams, joists, rafters, framing, weatherboards, shingles, flooring 1 , 
turnery, etc. 

303- (i) Karri. Eucalyptus diversicolor. —This is a light 
red coloured, heavy, fairly straight grained, tough timber. It 
does not work up easily, but is a useful timber for posts, beams, 
joists, rafters, and such parts of buildings. It grows in South 
Western Australia. 

304 (j) Turpentine. Syncarpia laurifolia . This is a 
dark red brown coloured timber, which is difficult to 
burn, is capable of resisting the teredo and white ant, and is 
durable under the worst conditions of damp. It is however 
liable to warp and twist very badly if not well seasoned. It is 
especially valuable for piles, but may be used, if well seasoned, 
for storey posts, beams, joists, rafters, frames, and such other 
parts of buildings. It is very slow to burn, which should be 
a recommendation for it as regards buildings. It grows in 
New South Wales and Queensland. 
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AUSTRALIAN SOFT AND FIGURED TIMBERS. 

305 The following are the most important of the soft 
and figured timbers of Australia:— 


(a) Cedar 

(b) Rosewood. 

(c) Red Bean. 

(d) Onion wood. 

(e) Colonial Beech. 

(f) Blackwood. 

(£) Myall. 

(h) Black Bean. 

(i) She Oak. 

(j) Silkv Oak. 

(k) Red Silky Oak. 


( l ) Honeysuckle. 

(m) Flindosa. 

(n) Native Teak. 

(o) Corkwood. 

(p) Coach wood. 

(q) Muskwood. 

(r) Tulipwood. 

(s) Maiden’s Blush. 

(t) Blueberry Ash. 

(u) Red Ash. 

(v) Queensland Maple. 


303 (a) Cedar. Cedrela australis .—This is a soft, but 

durable, red coloured timber, beautifully figured, which much re¬ 
sembles Mahogany, and has to an eminent degree all the qualities 
to fit it for use in the best kinds of joinery and cabinet work. 
It grows in New South Wales and Queensland, but owing to 
indiscriminate use, and large waste in the past, it is not very 
plentiful. It is generally used in first-class work for jambs 
and doors, window frames and sashes, architraves, skirting, 
staircases, show cases, counters and other such internal fittings. 
It is the very best timber for the plugs used in joinery work 
to afford nail hold in the walls. 

307 (b) Rosewood. Dysoxylon frascrianum .—A medium 
soft, red coloured timber, which, like the Cedar, also resembles 
Mahogany. It is of excellent quality, and being plentiful can 
be cheaply obtained. It can be used for all kinds of joinery 
and cabinet work and is a good substitute for Cedar. It grows 
in Queensland and Northern New South Wales. 

308 (c) Red Bean. Dysoxylon mucllcri —This is another 
red coloured timber which is valuable for joinery work. It is 
very like Rosewood in appearance and quality. It grows, but 
not plentifully, in Northern New South Wales and Queensland. 

309 (d) Onionwood. Owenfo cepiodora— This timber is 
like Cedar as far as texture is concerned, but is of a different 
colour, being a light yellowish red. It is useful for all kinds 
of joinery work. 

310 (e) Colonial Beech Gmclina leichhardtii .—This is a 
very light yellow coloured, soft but close grained, and exceedingly 
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durable timber which does not warp. It is principally used for 
flooring, but it is of sufficient value to admit of its use in all 
kinds of joinery work, although it is plain in appearance. 
Colonial Beech grows in Queensland and New South Wales. 

311 (f) Blackwood. Acacia Melanoxylon. —This timber 
is exceedingly valuable for the best kinds of house fittings and 
cabinet work. It is very hard and has a dense texture with a 
very pretty figure, and resembles American walnut. Unless very 
carefully seasoned it warps rather badly. The best comes 
from Tasmania, but it also grows in South Australia, Victoria, 
and New South Wales. 

312 (g) Myall, Acacia pendula and Brigalow Acacia har- 
popliylla are hard, heavy, dark coloured timbers which are 
principally used for turnery work. They are obtained from 
New South Wales and Queensland. 

313 (h) Black Bean. Castancspermum australe . —A figured 
brown coloured timber which is fairly hard, and somewhat like 
Blackwood in general appearance. This timber is principally 
used for cabinet work, but, could be used for many kinds of 
joinery work. It grows in northern New South Wales and 
Queensland. 

314 (i) She Oak. Forest Oak, Swamp Oak. Casuarina 
of various species. These timbers are hard and durable, and, 
though like the oaks described in the following articles not of 
the same genus as the English oak, they are much like that famous 
timber in grain. They are generally of a red colour. These 
oaks make splendid shingles. 

315 (j) Silky Oak Grevillea robusta. —A hard, buff 
coloured timber very like English Oak, though not of the same 
genus. It is elastic, strong and durable and well fitted for 
joinery work. Silky Oak grows in New South Wales and 
Queensland. 

316 (k) Red Silky Oak. Sometimes called Beefwood. 
Stenocarpus salignus. —This is a red coloured timber with a 
peculiar uniformly undulating figure- It is a hard timber, but 
not difficult to work, and is suitable for cabinet work and for 
panels, etc., in joinery work. Red Silky Oak grows in New 
South Wales and Queensland. 

317 (1) Honeysuckle. Banksia serrata. —A handsome timber 
of a red colour with a grain somewhat like English Beech. It 
is hard and fairlv durable, but requires to be very carefully 
seasoned. Honeysuckle grows in Tasmania, Victoria, New 
South Wales and Queensland. 
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318 (m) Flindosa. Flindersia australis, and (n) Native 
Teak. Flindersia —Flindosa is a very hard close-grained timber 
of great strength. It is of a pale colour and resembles Colonial 
Beech for which it is often substituted. Flindosa (or Cudgerie 
as it is sometimes called) is generally useful in building work. 
Native Teak is a hard heavy timber which is difficult to work but 
very durable. These timbers grow in New South Wales and 
Queensland. 

319 (n) Corkwood. Ackama muelleri (p) Coachwood. 
Ceratopetalum apetalum. —These timbers are of a light colour, 
exceedingly tough, and very suitable for joinery work. They 
grow in New South Wales. 

320 (q) Muskwood. Oleoria argophylla. —This timber takes 
its name from its pleasing fragrance. ft has a pretty, mottled 
appearance and is suitable for panels and such work. 
Obtained from New South Wales, Victoria and Tasmania. 

321 (r) Tulipwood. Harpullia pendula. —A close-grained 
pretty timber, in shades from yellow to black. It is suitable 
for panels. Grows in New South Wales and Queensland. 

322 (s) Maiden’s Blush. Echinocarpus australis .■—A tim¬ 
ber of a light yellowish brown colour very soft but durable and 
chiefly used for ornamental purposes. Grows in New South 
Wales, and Queensland. 

323 (t) Blueberry Ash. Elaeocarpus cyaneus. —This is a 
dark coloured, tough timber which in quality resembles English 
Ash. It grows in New South Wales, Victoria, Queensland and 
Tasmania. 

324 (u) Red Ash. Alphitonia excelsa. —This timber is 
sometimes called Mountain Ash. It is close-grained, hard and 
durable, and is tough. It is suitable for building purposes 
generally. Red Ash grows in New South Wales and Queensland. 
Queensland Maple. A beautiful brown coloured timber, like 
cedar in grain. Useful for all kinds of joinery work. 

IMPORTED HARDWOODS AND FIGURED TIMBERS. 

325- The most important of these timbers are as follows:— 


(I) 

Oak. 

(2) 

Mahogany. 

0 ) 

Ash. 

( 4 ) 

Elm. 

(.0 

Teak. 

(6) 

Beech. 

( 7 ) 

Walnut- 

(8) 

Rosewood. 

( 9 ) 

Maple. 
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There are other timbers such as Hickory, Box, Lignum Vitae* 
Willow, Yew, etc., which are imported in small quantities for 
special purposes, but, not in connection with building; hence 
they are not dealt with here. 

English and foreign hardwoods and figured timbers are not 
regularly kept by Colonial timber merchants, as the cost of 
landing them precludes their use in other than first class buildings, 
and then only in the best of the joinery and cabinet work They 
may, however, be imported as occasion demands. 

326 ( 1 ) Oak. This timber grows in various parts of 
Europe and America. The kinds known to commerce are as 

follow:— 

(a) English Oak. 

(b) Bay Oak. 

(c) Durmast Oak. 

(d) American Oak- 

327 (a) English Oak. Quercus pedunculata. This is the 
best kind of oak, being" exceedingly strong and durable, with a 
straight and fine grain; its colour being brownish yellow. 

328 (b) Bay Oak. Quercus sessiliflora. A timber almost 
of the same quality as English oak, but it is less dense and is 
liable to warp. 

329. Durmast Oak. Quercus pnbescens • This kind is not 

so good as the two mentioned above. 

330. American Oak. Quercus alba. This oak, though not so 
good as the English kinds, is a tough, durable timber of a 
whitish brown colour with a reddish tinge, the grain being 
coarse and straight. 

331. Oak is noted as being a very durable timber of great 
strength and possessing a pleasing appearance. However, as 
before noted, it is only possible to use it here for internal fittings, 
for which it is very suitable. The timber is sold in the English 
market in logs from io to 16 inches square, and from 18 to 30- 
feet long, and in planks from 2 to 8 inches thick, from 9 to 13 
inches wide, and from 24 to 35 feet long. The American oak 
is sold in logs from 12 to 24 inches in thickness by from 25 to 
40 feet long. 

332 Mahogany. Szvietenia mahogani. This well known 
timber grows in America and the West Indies. That known 
as “Honduras Mahogany” grows in the country surrounding 
the Bay of Honduras, and also in Brazil; whilst that called 
“Spanish Mahogany” grows in Cuba and other islands of the 
West Indies. Honduras mahogany is straight grained, as a 
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rule, and, is of a red brown colour. It is sold in the English 
market in logs 2 to 4 feet square bv from 12 to 14 feet long, 
opanish mahogany is the best as far as appearance is concerned 
for it has a beautiful wavy grain. Spanish mahogany is sold 
in the English market in logs n to 24 inches square by from 18 
to 35 feet long. This timber is used occasionally for internal 
fittings but Australian people know it mostly as a furniture 
timber. 

333- Ash. braxinus excelsior. A durable, tough, and very 
elastic timber, easily worked, and of a brownish white colour. 
It is used in small quantities in good joinery work. Ash grows 
in Europe, Asia and America. 

334. Elm, Ulnius campestris. This is a strong durable 
timber of a reddish brown colour, very cross grained and difficult 
to work. It is used in the old countries in positions subject 
to permanent wet. 

335- Teak. Tectona grandis. An excellent timber with a 
straight grain possessing great strength and is of great value 
m construction. It is somewhat like oak, but darker, the colour 
being brown. It is sold in the English market in logs from 
to to 30 inches square and from 20 to 40 feet long. It grows 
in Southern Asia. 

336. Beech. Fagus sylvatia. A hard, compact, fine grained, 
timber very tough, but not difficult to work. It is not used 
much in building construction, but is a notable timber to builders 
on account of the extensive use of it in all kinds of wood-working 
tools. In cabinet work it looks well. 

337. Walnut. The two species best known to commerce 
are Common Walnut, Juglans regia, and Black Walnut, Juglans 
nigra. The former is found in Europe. It is a solid compact 
wavy grained timber, which does not twist or warp. Black 
Walnut is an American timber, very beautiful in appearance, the 
colour being dark purple or violet which however becomes very 
dark as the timber ages. These timbers are expensive and are 
only used in cabinet work. 

338. Rosewood. Dalbergia nigra is a timber obtained from 
Rio, Bahia, Jamaica, and Honduras. It is of a deep ruddy 
brown colour, richly streaked, and grained with black resinous 
layers, and takes a fine polish, but, it is somewhat difficult to 
work on account of its resinous nature. It is sold in half round 
logs 5 to 12 inches at thickest parts by from 10 to 20 feet long. 
I he use of Rosewood is confined to cabinet work. 

339. Maple. Common Maple, Acer campcstri, and Bird’s 
Eye Maple, Acer saccharinum. Common Maple is a European 
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species of a whitish yellow colour and very fine grain. Birds’ 
Eye Maple grows in America. It has a pretty appearance being 
studded at intervals with small brilliant looking knots, and the. 
timber itself is of a whitish colour which turns to a rosy tinge 
on exposure to light. Maple is much prized for making into 
small pieces of cabinet work, and for inlaying, panels, etc., in 
joinery work. 


AUSTRALIAN PINEWOODS. 

340- The following are those in use as building timbers:— 

(1) Colonial Pine 

(2) Cypress 

(3) Huon 

(4) Brown „ 

Kauri Pine does grow in small quantities in Queensland, 
but what is used here is obtained from New Zealand, hence it 
will be taken under the head of Imported Pine woods. 

341. Colonial Pine. Araucaria Cunninghamii. —This timber 
is known in different places as “colonial Pine, ,, Morton Bay 
Pine, Richmond River Pine, and “Hoop Pine.” It is of a pale 
yellow colour; easily worked up; and is durable if kept free 
from moisture. It is studded sparsely with very small round 
knots which give it when planed up the appearance of Birds’ Eye 
Maple. Colonial Pine is used (especially in country places) 
for all kinds of building work, but more especially for flooring 
and lining boards, window frames, door jambs, shelving, and 
such internal work- Compared with the imported pinewoods 
it is not a first-class timber, but if it can be procured in a 
seasoned condition it is good and serviceable for internal work. 
It grows in abundance in Queensland and northern New South 
Wales. 

342. Cypress Pine.— Under this name are included a num¬ 
ber of Pine timbers, the most valuable of which are:_ 

(a) Callitrus calcarata . 

(b) „ glauca. 

(c) arronosa. 

(d) Queensland Kauri. 

C. calcarata , called “Cypress Pine,” “Black Pine,” “Red Pine,” 
and “Murray Pine,” is of a rich brown colour, with beautiful 
figuring. It is found from Northern Victoria to Central 
Queensland. 

C. glauca , called “Cypress Pine,” “White Pine,” Common 
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Pine/’ varies in colour from a very light to a dark brown. It 
grows in all the colonies on the mainland. 

C. arronosa , called “Cypress Pine” and “White Pine,” is a 
fairly dark brown coloured timber with a silky grain, which 
grows in the coast districts of Quensland and the N.E. of New 
South Wales. 

343. The Cypress pines are valuable building timbers, being 
durable under reasonable conditions; easily worked up to a 
smooth surface, and very beautiful in appearance. The knots, 
which are very plentiful, are in nowise defects, for they do not 
become loose- Serious drawbacks of the Cypress pine are 
brittleness and inflammability, but against these disadvantages 
may be put the quality of being nearly impervious to the attacks 
of white ants. Cypress pine" is used for all kinds of joinery 
work, and in some cases for cabinet work, for which it is well 
fitted provded that it be thoroughly seasoned. 

344, (3) Huon Pine- Dacrydium franklini. —An exceed¬ 
ingly durable and tough timber, of light weight, and pale yellow 
colour. It was much prized for joinery work but owing to an 
extensive use of it in the past it is scarce, and can, as a con¬ 
sequence, be soldom used except for cabinet work, for which it 
is well fitted. In first-class joinery work it is used for panels. 
It is a Tasmanian timber. 

345 (4) Brown Pine. Podocarpus data. —This timber 
is known also as “White Pine,” “She Pine,” “Pencil Cedar,” 
“Native Deal,” and “Plum Pine.” It is free from knots, fine 
grained, easily worked, and some of it is very beautiful in appear¬ 
ance. Its chief quality is its resistance to white ants and the 
teredo, and on this account it is used for piles (See Art. 30 ante). 
It is also largely used for all kinds of joinery work. Grows in 
New South Wales and Queensland. 

346. Queensland Kauri. A pine like New Zealand Kauri, 
but much inferior. 

IMPORTED PINEWOODS. 

347, The following are the principal pine timbers which are 

imported and stocked by timber merchants:— 

(1) Oregon Pine- 

(2) Redwood ,, 

(3) Baltic ,, 

(4) Kauri ,, 

( 5 ) Clear 

(6) Pitch 

(7) American Spruce. 

(8) Baltic „ 
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348. (1) Oregon Pine. Abies douglaisi .—This is a hard, 
rather coarse grained, reddish coloured, fir timber, possessing a 
fair strength and is very durable. It is very extensively used 
about Sydney for scaffolding, beams, posts, joists, rafters, fascias, 
flooring boards and even in joinery work for window frames 
and sashes, and door jambs, etc. It is very resinous and con¬ 
sequently, on account of the exudation of the gum resin, it is 
not very suitable for good joinery work. It comes to the 
market in all sizes from 2in. x iin. to i8in. x i8in. and in lengths 
of from ioft. to 70ft. Generally speaking it is one of the most 
useful timbers in the market for general building purposes- As 
a timber for use as scaffolding it is unequalled, being light and 
yet strong and capable of being obtained in long lengths. Oregon 
comes from the North West of America. 

349. (2) Redwood, Thuya gigantea .—This is a very soft, 
pithy timber, of a yellowish red colour. When dry it is very 
light, but is not strong. It is however very durable in exposed 
positions, and is, in consequence, an excellent timber for fascias, 
barge boards, louvres, shingles, weatherboards, and other such 
parts of buildings which are exposed to the weather. It is also 
much used for skirtings, architraves and mouldings and for 
window frames and sashes. It is an American timber which 
comes in sizes ranging from iin. to 6in. thick up to 40m. wide 
and in lengths up to 20 feet. 

350- (3) Baltic Pine Pinus sylvestris .—This is a timber 
which grows in Northern Europe. That which comes to Australia 
is chiefly from Norway. It is a whitish, and slightly reddish 
yellow coloured timber, exceedingly pleasant to work, fairly strong 
and tough, and durable if not put in exposed positions. The 
reddish tinted is called Red Deal, and the other White Deal. 
In, or about Sydney it is used only for joinery work such as 
window frames and sashes and doors, but, in Melbourne it is 
used very extensivelv for all kinds of joinery, skirtings, archi¬ 
traves, etc. In the Sydney market it is generally only obtainable 
in planks nin. x 3m., and in deals 9m. x 3m., in cross section, 
but in Melbourne it is obtainable in a much greater variety of 
sizes- 

351. (4) Kauri Pine- Dammar a australis .—This is a New 
Zealand timber (though a little is found in Australia) of great 
value. It has a fine appearance when planed up, being free 
from knots, verv fine grained, of a whitish yellow colour with a 
silky lustre. It is noted as being the strongest of the pine 
timbers, but it has a great fault inasmuch as it shrinks and swells 
with change of temperature, especially endwise, unless perfectly 
seasoned. The grain is so close that it can be planed across the 
end as well as with it. It is consequently an excellent timber for 
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turnery and carving, but is extensively and successfully used for 
flooring boards, door jambs, panels, staircases, etc. A special 
use of the timber is for making wash tubs, bakers’ troughs and 
other such utensils for which it is well suited, for it does not stain 
when wet. It can be obtained in all sizes. 

352. (5) Clear Pine. Finns strobus. —A white or pale straw 
coloured timber of light weight rather soft, and durable only in 
dry well ventilated places. It is considered to be a good timber 
for joinery work and is used for doors. The coarser grained 
kind is known as Sugar Pine, which is extensively used for stock 
made doors. Clear pine is an American timber. It comes in 
pieces 16 feet long by from iin. to 4m. thick and up to 30m. wide. 

353. (6) Pitch Pine, Pinns rigida. —This is a resinous, 
hard, heavy, strong, durable timber free from knots, which is 
imported in small quantities from North America. It is suitable 
for flooring boards, but is used in the very best kind of joinery 
work. 

354. (7) American Spruce- Abies, alba, A. nigra, A Cana¬ 
densis and A Rubra is a tough timber full of glassy knots, and 
liable to twist and warp. It is imported only in the form of 
shelving. 

355. (8) Baltic Spruce. Abies excelsa. —An inferior white 
timber, full of knots, which is used very much as lining boards. 

356- Strength and Weight of Timber.—The table XXIII. 
has been compiled to illustrate the weight and strength of the 
various timbers used in building construction. Many of the 
timbers described in the preceding articles are omitted from the 
table; in some cases because authentic tests are not obtainable, 
and in others for the reason that the timbers are not used for 
other than delicate joinery or cabinet work, where weight and 
strength are not matters affecting their use. 
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TABLE XXIII. 


Showing Strengths of Building Timbers. 




Weight per 

Modulus of 

Resistance to 


No. 

Name of Timber. 

cubic ft. in 

rupture in lbs. 

crushing in 

Classification. 



lbs. 

per sq. in. 

lbs. per sq. in. 


1 

2 

Grev Ironbark 

Red' 

Blackbutt 

73 

76 

17866 

16275 

10165 

9281 

| Ironbarks. 

3 

66 

13728 

7522 > 


4 

Tallowwood 

77 

15257 

7585 


5 

Spotted Gum 

62 

13296 

6753 


6 

Grey Box 

73 

16209 

8021 


7 

Stringy Bark 

71 

13931 

5985 


8 

Box 


22654 



9 

10 

White Mahogany 
White Gum 


17745 

10401 


IPale Hardwoods. 

11 

Messmate 


12857 



12 

Giant Gum 


12662 



13 

Mountain Ash 






(Mararia) 


14922 



14 

,, (Delegatensis) ! 


11342 



15 

,, (Regnan) 


9595 



10 

Mahogany (Red) 

75 

14500 

75U 


17 

Grey Gum 

57 

13092 

7243 


18 

Red Gum 

62 

6930 

6016 


19 

Sydney Blue Gum 

69 

12023 

58S9 


20 

Woolybutt 

63 

12708 

6981 

• Red Hardwoods. 

21 

Jar rah 

63 

10699 

6669 

22 

Turpentine 

69 

11727 

6364 


23 

Red Slaty Gum 


18820 



24 

Blue Gum 


12336’ 



25 

Blue or Grey Gum 


17816 



26 

Cedar 

35 

7400 

8600 


27 

Rosewood 

74 

10594 

6011 


28 

Colonial Beech 

63 

15607 

8253 


29 

Blackwood 

70 

1C264 

6784 


30 

Forest Oak 

75 

15492 

8335 


31 

Teak, Native 

62 

14415 

7030 


32 

Queensland Maple 


11562 



33 

Red Beech 


10428 



34 

Red Myrtle or beech 


10716 



35 

Colonial Teak 


13972 



36 

37 

38 

Negro Head Beech 
Cypress orYel. Pine 
Cypress or Lachlan 


9868 

8413 

8330 

Australian Soft 
and figured Timbers. 


(Calcarale) 


4359 



39 

,, (Tasmanical 
Bunya Bunya Pine 


9545 



40 

!. 

5531 



41 

Colonial ,, 

54 

8824 

4199 


42 

Celery Top „ 

• • 

10416 



43 

Huon „ 


7985 


t 

44 

King William „ 


5616 



45 

Brown ,, 


8300 



46 

Queensland ,, 


10650 



47 

,, Hoop ,, 


11533 



48 

,, Kauri „ 

English Oak 


‘ 7050 



49 

49 

12000 

10000 

\ 

50 

American Oak 

61 

10000 

6 00 


51 

Mahogany (Spanish) 

53 

7600 

7108 


52 

,, (Honduras) 

35 

11500 

6018 


53 

Ash 

43 

12000 

9000 


54 

Elm 

34 

6000 

10300 

Imported Hardwoods 

55 

Teak 

46 

18000 

12000 

56 

Beech 

43 

9000 

9360 

57 

Walnut 

43 




58 

Maple 

42 




59 

Indian Teak 


12596 



60 

Hickory, American 


18522 



61 

Ash ,, 

Kauri Pine (N.Z.) 


9786 



62 

34 

11000 

5824 


63 

Baltic ,, 

Redwood 

30 

7100 

5500 

i 

64 

23 

6000 

5200 


65 

Oregon 

32 

11171 

7125 


66 

67 

Pitch Pine 

White Baltic Pine 

41 

14088 

7346 

6720 

• Imported Softwoods. 

6S 

Red 


11799 



69 

Japanese 


7455 



70 

Pacific 


6466 



71 

White (New Zeal’d; 

1 

5035 


« 


Thk Tests. —1 to 7, 16 to 20, 26 to 31, are extracts from Professor Warren’s valuable work on 
‘The Strength and Elasticity of New South Wales Timbers ” ;S to 15, 21, 23 to 25, 32 to 4S, 59 to 01, 
65, 6 7 to 71, by the author; the others are from “Rankin’s Civil Engineering,” “ Molesworth’s 
Pocket Book of Engineering Formulae,” and “Rivington’s Notes on Building Construction.” 
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357. Cutting of Timber —Economy of course demands that 
a log* shall be cut lip so as to get from it as much timber as 
possible, but this does not mean that the log shall be simply 
divided into the greatest number of pieces without any regard 
to other matters. The use to which the timber is to be put should 
be considered, and unless this is done the value of the timber is 
greatly interfered v/ith. When the timber is to be used in work 
where the strength is a matter of importance, then the cutting up 
of the log should be such as to get the strongest pieces. Again, 
where the timber is to be used for joinery or cabinet 
work where appearance is of consequence, it is necessary to 
cut it so that the most beautiful grain shall show; or it may 
be necessary, as is sometimes the case, to get surfaces which 
will be the most easily worked. And, these are matters affecting 
the user just the same as the saw miller, for the architect or 
builder should see that he gets the strongest, or prettiest, or 
most easily worked timber, as the case may require. This article 
is to deal with these matters, and to begin with it is necessary, 
with a view to a proper understanding, to briefly describe the 
structure of trees. From the centre to the bark is composed 
of a mass of wood fibre which is arranged in concentric layers— 
there being one layer for each year of growth of the tree. These 
layers are called “annual rings,” and are generally distinct 
enough to be easily noticed. They are indicated on the sketch 
Figure 64 by the concentric wavy circles. Very thin partition- 



Fig. 64. 

like layers radiate from the centre towards the outside of the tree, 
passing through and dividing the annual rings into segments. 
I hese radial partitions are called medullary rays. They are 
illustrated by the lines radiating from the centre to the outside 
cn the sketch Figure 64. In some timbers, such as English 
Oak, they are verv distinct; in others they are not so easily 
discerned!. Timber shrinks mostly in the direction of the 
annual rings, consequently if a piece of timber square in cross 
section with the rings in it as at A, B, C, D, Figure 64 be cm* 
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out and left to season it will shrink most in the direction of the 
rings, so that the corners A and C will be brought close together, 
while the distance from B to D will be very little altered. Planks 
cut with the rings roughly in the direction of the depth as E, 
F, Figure 64, will be stronger than if cut as at G and PI with the 
rings at right angles roughly to the depth. In many cases the 
prettiest grain is obtained by cutting as E and F with the 
sides of the rings showing on the surface, but where the medullary 
rays are large and distinct a very beautiful grain called silver 
grain is obtained by cutting them obliquely as at G and Fh, Figure 
64. When cut this way the rays are exposed sideways at the 
surface, and give a pretty effect. In many cases the grain 
is more easily worked where the surface is formed by the edges 
of the rings as at G and H, Figure 64. 

CHAPTER VIII. 

Carpentry and Joinery. 

358 - Carpentry is distinguished from joinery as being that 
part of the timber work which is directly connected with the 



Fig. 65. 
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stability of the building, as for instance, the floors and roof; 
while the Joinery consists of the doors, windows, stairs, trim¬ 
mings, fittings, etc. The joints in carpentry are, however, closely 
related to those used in joinery,, consequently it will be con¬ 
venient to take together, and describe, the principal joints used 
in the two classes of work. 

Joints. 

359. Lapping consists of putting the ends of the two pieces 
of timber, one over the other, as shown at A, Fig. 65, and 
securing them together with bolts only, or with bolts and straps. 
This joint is, however, ugly on account of the want of appearance 
of continuity in the pieces as joined. It is, moreover, not suit¬ 
able for tensile or compressive stresses. 

360- Scarfing is a better form of joint, inasmuch as it gives 
the appearance of continuity, and can be made to suit either com¬ 
pressive or t 3 nsile stresses. The joint at C, Fig. 65, shows a 
scarfed joint for compressive stress. In this case the two pieces 
are cut one into the other, so that the whole of the resistance 
of the fibres is available against compression, while it is not 
unsightly by any means. The two pieces are held together by 
bolts, or by bolts and straps. The example D, Fig. 65, illustrates a 
case of scarfed joint for tensile stress, with an arrangement of 
wedges in the centre for tightening up the joint. In cases where 
•extra strength is required straps and bolts are added. At times very 
complicated scarfed joints are made with a view to increased 
strength, but,, without altogether condemning these, it is well to 
remember that simple joints are the easiest to make with accur¬ 
acy, and consequently are the best, and indeed it is seldom that 
the exigencies of building work require more than the two cases 
given above. 

361. Fished Joint.— A useful joint for timbers in compres¬ 
sion is that known as the “Fished Joint.” This is shown at B, 
Fig. 65. As will be seen it consists of butting the ends of the 
pieces together, and securing them in position with side plates 
of iron bolted together. In cases, where clumsiness is not an 
objectionable feature, the side plates may be of timber. It will 
be noticed that a scarfed joint with side plates and bolted 
together, is a combination of scarfed and fished joints. 

362. Halving is a joint much used in building work. It 
consists of cutting half out of each piece for a distance equal to 
the width of the timber. See H, Fig. 65. It is used for joining 
wall plates, etc. 

363- Notching,— A notched joint is made by cutting a bit 
out of one piece, so that it may fit over the other, and so obtaining 
.a shoulder hold as at F, Fig. 65. When a bit is taken out of 
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each piece the joint is known as “Double Notched” Both of 
these joints are much used in flooring and roof work. 

364. Cogging consists of the form shown at E, Fig. 65, which 
is a kind of notch. As will be seen the notch does not extend 
right through, but a bit is left in the middle in one piece. This 
joint is suitable, and is much used, for jointing joists on to 
girders. 

365. Housing shown at G, Fig. 65, is a simple way of 
connecting the end of one piece with the side of another. It 
is much used in floor and roof work, and also in joinery work to 
some extent. 

366. Mortice and Tenon. —This joint, like housing, is used 
for connecting one piece endwise with the side of another. There 
are many forms of this important joint, but the examples given 
will illustrate those in general practice. See Fig. 66. A is a 
tenon, B the shoulder, and C the mortise. When the joint is 
near the end of the piece with the mortise, the tenon is cut back 
a little as shown at E, Fig. 66, the shortened part of the tenon 
being called the “haunch;” The haunch preserves the strength 
at the root of the tenon, and avoids cutting the mortise right up 
to the end of the other piece. The ordinary mortise and tenon 
joint is fastened by driving wedges in at each side of the tenon at 
the back of the mortise (See H, Fig. 66). Of course, this is 
not possible where the mortise does not go right through. In 
the latter case, wedges are put in at end of tenon, before the 
latter is inserted in the mortise. Then, as the tenon is pushed 
in, the wedges are driven home by being pushed against the bot¬ 
tom of the mortise. (See F, Fig. 66.) The wedges extend the 
end of the tenon, and so prevent it from coming out. Such are 
called “Fox wedges.” An important form of mortise and tenon 
is shown at K, Fig. 66. This is known as the “tusk tenon,” and 
is used for jointing joists with joists, and joists with girders, so 
as to weaken the timbers as little as possible by the mortise, and 
yet get the strongest possible hold by the tenon. The proper 
proportion is to have the shoulder S 1/6 of depth of joist; the 
depth W of tenon also to be 1/6 of the depth of joist; and the 
bottom of the tenon should be just at centre of the beam with 
the mortise in it. Where possible the tenon should be carried 
through the beam and secured with a wedge. If this cannot be 
dene, the tenon should be held in place by a pin, driven from the 
top of the beam down through it. 

367* Butt Joint-—This term is given to the joint made when 
one piece is butted on the end of another as shown at O, Fig. 66. 
It is also the joint when boards are joined together by planing 
and shooting, and sometimes glueing the edges, as at N, Fig. 66. 
In the rough kinds of flooring the boards are merely placed 


AUSTRALIAN BUILDING PRACTICE. 


157 


edge to edge and nailed. This would be known as butt jointing. 
1 ile butt joint can be much improved by inserting tongue pieces 
or “slip feathers” in grooves run along the butted edges. (See 
example N, Fig. 66.) The joint is much stronger if the grain 



Fig. 66. 

of the slip feathers is crosswise. A right angled butt joint beaded 
with return bead is shown at I, Fig. 66. 

368* Grooved and Tongued Joint, —This form of joint is 

used for joining flooring and lining boards, and in many parts 
of joinery work. It consists of forming a projecting slip or 
tongue along the edge of one piece, and a groove, into which 
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the tongue will accurately fit along the edge of the other. (See 
U, Fig. 66.) The tongued and grooved joint is also used often 
for joining pieces at right angles. (See D, Fig. 67), which illus¬ 
trates method of joining a board at right angles to another. 

369 Mitre Joint- —This joint is illustrated at R, Fig. 66. It 
consists of joining two pieces so that the line of meeting, or the 
joint, forms a bisection of the angle at which the two pieces 
meet. The pieces are held together by nails in rough and 
external work, and by glue in the lighter work of joinery. Some¬ 
times a thin slip of wood called a “key” is cut in across the 
angle as shown at T, so as to strengthen the joint. The mitre 
is used occasionally in conjunction with other joints, as, for 
instance, the rebate, the tongue and groove, the dovetail, etc. 

370- Rebate Joint —Consists of rebating each of the edges 
to be joined so that they lap into each other as at M, Fig. 66. 

371. Dove tailed Joint- —In this kind (see V, Fig. 66) 
tenons or “pins” (shaped like a bird’s tail extended), on one piece 
fit into mortices or “sockets” cut out of the other piece. The 



Fig. 67. 

spaces between the pins should be equal to the size of the pins, 
so as to make the strongest joint. The Dove-tailed joint is useful 
for joining at right angles, the edge joists of suspended landings, 
verandah plates, etc., in carpentry work: but it is more particu¬ 
larly suited for the better class of joinery work. 

372- Dowelled Joint —This joint is really a mortise and 
tenon joint, in principle, as will be seen by X, Fig. 66, which 
shows a dowel and socket for same. It consists of a pin, which 
is usually of some hard wood, but sometimes of metal, inserted 
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into each piece joined together. It is used generally in connec¬ 
tion with the butt joint. 

373. End Butt and Keyed Joint is shown at A, Fig. 67. As 
will be seen this consists of securing' two pieces end to end with 
a sort of wooden clamp or “key/’ as it is called, which is a 
narrow tongue passing from one piece to the other and having 
enlarged ends (B) to form a hold in each. The joint is tightened 
up with wedges inserted at shoulders (E) nearest to the joint. 
This joint is used for securing segments of curved sashes,* etc. 


374. End Butt Joint with -Connecting Screw.—A joint to 
serve the same purpose as above is often made in hand-rai ing 
work. The ends are butted together as shown at A, Fig. 7 » 
but instead of the key, a metal screw<, with threads at both enc s, 
is inserted, and by means of this screw the joint is tightenec. ie 
best kind of screw has nuts at both ends. These nuts are put in 
and tightened up, through mortises at sides, and near the enc s o 
the pieces joined. 


375- Scribed Joint is used principally for joining mouldings 
in internal corners where it would be difficult to get a mitre join 
tight. By reference to C, Fig. 67, it will be seen that tie en 
• of one piece is cut out so as to be the exact reverse of the fac 
the other, and when pushed tight up against it the joint wi e 
a perfect intersection. From the outside it has the appearance 
of a mitre joint. Scribing, however, in a more extended sense, 
is the term applied to all joints in which one* piece is marked an 
cut, so as to fit accurately up against another piece, or wall, wit 1 
an uneven surface. 


CARPENTRY. 

Floors. 

376. Storey Posts and Girders. —The storey posts are the 
timber columns or uprights which support girders carrying floors 
or walls. In the sketch Fig. 68 a storey post (A) is shown 
supporting two girders, joined together over its head, and with 
the superstructure of joists, etc., and another storey post to 
support an upper floor. This is a typical example of factory or 
warehouse floor construction. The posts are spaced from 16 to 
20 feet apart, while the girders are placed from 10 to 15 feet 
apart. In Fig. 68 the girders are shown butt jointed, and to im¬ 
prove their bearing a cap or “bolster” piece is put extending for 
some distance under them, on top of column. The girders arc 
bolted to the bolsters as shown at K, while the head of the post 
is secured to bolster with a mortise and tenon joint. In the 
case of a post, resting on the ground, the foundation is made 
with a block of stone supported on brick in cement or concrete 
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foundations, the foot of the post being tenoned or dowelled in the 
stone. Upper storey posts are tenoned into the girder on which 
they rest. In some cases, as for instance shop and office buildings, 
where the girders are to be cased in, the bolsters may be con¬ 
sidered objectionable in appearance and consequently omitted, the 
girders being allowed to rest on top of column. Where joints 
occur, in such cases a scarf after the style of that at D, Fig. 65, 
should be made, or perhaps, better still, the butt joint improved, as 



Fig. 68. 


at B, Fig. 69, with flush fish plates. In Fig. 69 the storey post 
and girders are shown as dressed and cut to illustrate a method 
of finish in cases where appearance is a matter of importance. 
Care should, however, be taken not to cut too much away from 
the post, as there is danger of rendering it incapable of support¬ 
ing the load to- be put on it. For this reason some architects 
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insist that nothing’ .shall be cut from the post, but that whatever 
moulding there is to be done shall be planted on and not cut into 
the post, thereby preserving all the timber for resistance to the 
stresses. In any cas§, of course, it should be provided that the 
least cross section of the post shall be sufficient for strength 
required. In the rougher, or mill construction, where strength 
is the main object in view, the posts and girders are not as a 
rule dressed, but are left as from the adze or saw, the “arrises” 
or sharp edges only being removed. A rough stop chamfer is 
sometimes put on. Whether rough construction or not, the bear¬ 
ing surfaces should always be dressed so as to render them per¬ 
fectly even and true. When setting the storey posts in position, 
the greatest care should be taken to have them perfectly upright, 




and that all bearing shoulders be quite horizontal. 1 he girders 
should be quite level, and the ends in walls should beai^ on 
template stones. (See M, Fig. 60, and Art. — ante.). The 
brickwork or masonry of the wall should not be built close up 
round end, sides, and top of part in the walls, so that there may 
be an access of air to prevent dry rot. T his provision is also 
of value in case of fire, where the burning girders may fall out 
of the walls without pulling the latter down, as would be the 
case if they were tightly secured. Storey posts and girders, 
though sometimes of imported pine, are generally of Australian 
hardwood; the best for the purpose being ironbark. In much of 
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modern work the columns are of cast iron, hollow and circular 
in cross section., fitted with box-like caps, which are a combination 
support for girders and upper storey posts. These will be dealt 
with later on. In cases where the best beams available, are not 
sufficiently strong to carry the loads to be borne, it becomes neces¬ 
sary to artificially improve their strength. The simplest way to 
do this is to cut the beam into two equal pieces (cutting in the 
direction of the depth and length). The Hitches are then reversed 
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(that is to say, the outer sides are placed so as to be inwards), 
and an iron or steel plate about ^4 inch thick (or as the case may 
require), and of the length and depth of the beam is put between 
them and the whole bolted together. Instead of the iron plate, 
iron trusses composed of struts, tension piece, keybolt, and abut¬ 
ment connections are sometimes bolted in. In other cases metal 
tie rods are used. 

377, Joists are the pieces of timber on to which the flooring 
boards are nailed and which support the ceiling material. 

378 Joists lor Floors, near the ground, are supported at the 
ends near the walls by plates of hardwood, generally 4m. x 3m. 
in cross section, which are set on to 9^ n - x A 1 /^- brickwork piers 
which project from and are bonded to the foundation walls and 
spaced not more than 36m. apart. One of these piers is shown at 
B, Fig. 48 ante , and at P, Fig. 71. Sometimes a projection 4j4in. 
out from foundation wall is carried right along, and so gives a 
solid bearing throughout for the plate. A11 example of the lat¬ 
ter is given at A. Fig. 48 ante. It will be seen that by having 
these piers, or the plate wall, the building of either plates or ends 
of joists in the wall is avoided, and this is an important matter, 
for timber should not if possible be built in brick or masonry wal¬ 
ling. Hardwood bearers of about 6in. x 3m. arranged under 
joists, parallel with plates, should be set at intervals apart of not 
more than six feet, see B, Fig. 71. These bearers should be 
supported by brickwork piers, about 9m. or 14m. square in cross 
section, and spaced not more than 48m. apart. When bearers, as 
above, are set under the joists the spans would not be more than 
6 feet, consequently the joists need not be more than sin. x 2^2in. 
in cross section. In most cases the joists are slightly notched, as 
required, on to plates and spiked. The joists are generally 
spaced i8in. centre to centre, and, for finish round hearths, etc., 
plate walls should be built for reception of plates for necessary 
bearing of ends of joists. Plenty of space should be left under 
lowest part (bearers and plates) of ground floors, and through 
currents of air should be provided for by plenty of ventilators, 
an example of which is shown at V, Fig. 71. Australian hard¬ 
wood (such as tallow wood) is the best to use for plates, bearers 
and joists of ground floors; and as a preservative against vermin, 
such as white ant, the whole lot should be well soaked with 
kerosene (waste) tar. 

379, Joists for Floors of Upper Stories. —The joists of 
floors for upper stories, and for ground floors with basements, 
are generally arranged with as long spans as possible to avoid 
the inconvenience of upright supports. In ordinary dwellings, 
the walls of the rooms are not, as a rule, too far apart to allow 
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of the joists spanning the distance; but in large rooms, and in 
factories, warehouses, hotels, public buildings, etc., the rooms 
are often very large, and it is impossible to have joists in one 
span over them, and girders (often with columns) are necessary. 

380 . To describe these different cases it will be best to 
divide them as follows:— 

(a) Joist fag of ordinary floors over spaces of small area 

requiring only short spans. 

(b) Joisting of floors supported at intervals over spaces 

of large area which it would be impossible to span 
with single joists. 

The latter class may be subdivided as follows:— 

(1) Joisting supported by girders. 

(2) Joisting of double floors. 

(3) Joisting, etc., of framed floors. 

38b (a) Joists of Ordinary Floors —In common work 
(where the span does not exceed 18 feet) the joists are put in 
single pieces extending from wall to wall. When a ceiling is 
necessary they also serve to carry it; the laths or metal being 
nailed to their bottom edges. A sketch of part of an ordinary 
floor is shown in Fig. 70. 

382, (bi Joists Supported by Girders—In this kind the 

floor is really a case of an ordinary floor, as far as the joists go, 
but the span would be too great for the joists themselves, and the 
support of girders would be necessary. 

An example of joisting supported by girders is shown by 
Fig. 68. The joists would be double notched or cogged on to 
the girders. The spaces between the girders are called Bays , and 
when ordering the joists, it is well for the purpose of tieing the lot 
together, to have some of the joists in lengths long enough to 
reach over a couple of bays. Like case (a) the joists would be 
required to carry the ceilings. 

383- (b2) Joists of Double Floors. —The joisting in this 
kind is supported at intervals of not more than 6ft. by small 
girders called “binders”; but the ceiling would not be carried by 
the floor joists—a separate set of under joists (called ceiling 
joists., and secured by cutting on to fillets or by nailing to bot¬ 
toms of girders), being provided to carry the ceiling. By this 
means the vibration of the floor is not so easily communicated to 
the ceiling, and the chances of the plaster being cracked and 
loosened are reduced. It will be noticed that the binders are not 
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introduced so much for support to joists as for separating the 
latter from those to carry the ceiling. 

384. (b3) Joisting, etc., of Framed Floors —This class is 
really an elaborate kind of double floor, the principle (viz., sepa¬ 
rate joists for floor and ceiling) being the same; but for a big 
span the binders would not be sufficient support, and girders are 
introduced to carry the binders, which in their turn carry the 
floor and ceiling joists as described in preceding article. In Fig. 
7 2 is shown the section of part of a framed floor. E E are the 
floor joists cogged or doubled notched to the binder (B) ; C C are 



Fig. 72. 
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the ceiling* joists cut on to fillet (F) at side of binder (B). The 
binder (B) is shown, by a side view, tusk tenoned into the girder, 
an end sectioi^ of which is shown at G. 

385- Double and Framed Floors are hardly to be recom¬ 
mended, as they have a lot of timber in them, and they lose all 
stiffness, if there is the least shrinkage of the timber of girders or 
binders. In these days so much iron and steel is used in floor 
and ceiling work, with such good results—especially if proper 
fire-proofing provision is made—that heavy framed timber floors 
are out-classed altogether. The same cannot be said of the single 
floor supported on hardwood girders and storey posts. The 
construction is simple, giving strength and stiffness. 

386 The following articles. 387 to 391, deal with matters 
relating to upper floor joisting generally, irrespective of the kind 
of floor — 

387. Spacing Apart of Joists— Joists are usually spaced i8in. * 
from centre to centre. When floor joists are to take plaster 
ceilings this spacing is necessary as the laths generally used are 
cut in lengths of 4ft. 6in. Joists are, however, sometimes I2in 
and 15m. centre to centre. 

383. Bearing of Joists in Walls.— The end bearings of joists 
in walls should not be less than 4^ inches, and they should be 
notched on to wrought iron plates (see R, Fig. 68) about 2in. x 
Jgin. in cross section. Jt is best to have the ends of the joists 
cut on the bevel, as shown at P, Fig. 68. If cut this way, less of 
the brickwork is interfered with, and in the event of "fire, the 
burning joists may fall out without damaging the walls, as'they 
would, by leverage, if square ended. 

. 389 Trimming —Where openings, such as hatchways and 
stair well-holes, are to be formed in the floors, the ends of the joists 
cut through are “tusk” tenoned into a supporting cross piece 
called a “trimmer,” an,-example of which is shown at C, Fig. 70. 
The trimmer should also be tusk tenoned (as B, Fig. 70) into 
each of the two long joists called trimmer joists ’ (one is shown 
at D in Fig. 70) at the sides. Since the trimmer and trimmer 
joists have to carry the weight of the load on the trimmed joists, 
as well as on themselves, they should be stronger than the com¬ 
mon joists. As a rule», they are made from %m. to ]/ 2 in. thicker, 
as the size of the opening may render necessary. ' Floor and 
ceiling joists should be trimmed round all fireplaces and flues. 
(See Art. 173 ante in regard to flues.) 

390. Strutting— To increase the stiffness of the floor the 
joists should be ‘strutted, or, as it is sometimes called, 
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“Bridged.” This is done either by “herringbone ’ or solid strut¬ 
ting. The former consists of 2in. x 2in. Pine or Hardwood cut 
in between joists in lattice fashion as shown at A, Fig. 70. The 
solid strutting is composed of pieces of board about 1 thick 
and about the same depth as the joists. These pieces of board 
are cut in vertically between the joists and kept in rows. Great 
care should be taken that all the strutting, whether herringbone 
or solid, is well nailed to the joists. Each lot, or bay, of joisting 
should have rows of strutting space not more than 5ft. apart. 

391. Pugging. —With a view to preventing the passage of 
sound from one storey to another, through the floors, boarding 
about 1 in. thick is put in horizontally, resting on side fillets (see 
K, Fig. 70) between the joists. On the top of the boarding is 
put the “pugging.” This may be composed of either (1) Coarse 
hair mortar; (2) Lime mortar and smith’s ashes; (3) Lime 
mortar and chopped straw; or (4) Shavings, which have been 
well steeped in hot lime. 

392- Weight to be Carried on Floors —The table XXIV. 
gives the weight, per square foot of area, carried by floors in 
different kinds of buildings. In special cases., such as factories, 
where there is heavy machinery, or, in warehouses where the 
stock is of a particularly heavy character, the weight per square 
foot should be ascertained by experiment. 

TABLE XXI V. 

The following table of maximum loads for floors of different 
kinds of buildings prepared by an American authority will he 
found of practical value. 

Private dwellings. 40 lbs. per sq. ft. 

Public buildings such as‘churches, 

schools and theatres 80 to 90 ,, ,, 

Office buildings 40 ,, ,, 

Warehouses, factories and stores 

Minimum .. .. 150 ,, ,, 

the latter to be increased as needed to suit the special load to be carried. 


393. Sizes of Common Joists. —So that safety may be ar¬ 
rived at with economy, it is best, especially in cases where large 
quantities of timber are involved, to calculate the sizes of the 
joists to suit the conditions of load to be borne by the floor under 
process, of design. Joists should be calculated as bearers with 
a distributed load. Particulars as to how to do this will be 
given later on. It is, however, hardly necessary to go to the 
trouble of determining the sizes in cases of ordinary floors, 
because experience provides plenty of information in this respect 
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and it is best to follow the general practice. Table XXV. gives 
usual sizes of common joists of pine. The different kinds of 
Australian hardwoods (See Arts. 278 to 304) are stronger than 
pine and well suited for joists, and if used, the size may be a little 
smaller than those given in the table, but care must be taken that 
the hardwood is dry, for, unless quite seasoned, it would be 
unwise to reduce the size. The Oregon Pine, to which the 
table may be applied, is much used, and is a very suitable timber 
for joisting. 


TABLE XXV. 

Showing Suitable sizes of pine common joists for ordinary floors. Joists to be spaced 
18 inches centre to centre. 


Breadths in 
inches. 
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*The depths given in the table are in most cases not the exact results of the calculations, the 
intermediate fractions being raised, for the sake of convenience in practice, to the 4 or full inch u* 
the case required. 

394 . Flooring Boards. —These are the pieces of timber, laid 
all over and secured to the joists*, to form the upper surface of 
the floor. The boards are by no means an unimportant part of 
the whole floor, and to have them of suitable quality, thoroughly 
seasoned, and well laid, is of great importance; in the first place, 
because unless strong and durable they will be quickly worn out; 
and in the next, if not well seasoned and skilfully laid they will 
shrink and split, and the interstices so caused will be receptacles 
of dust and filth, causing danger to health. 

395 Timber for Flooring Boards.— Tallowwood and 
Colonial Beech are the best of the Australian timbers for floor¬ 
ing boards. Colonial Pine will also do well, but should not be 
used in preference to the timbers mentioned above. Of the 
imported timbers, Kauri, Oregon, Baltic and Pitch Pine do well 
for flooring. As before remarked, it is of the utmost importance to 
have the timber for flooring well seasoned, and with a view to 
having it dry, it should be brought, if possible, on to the site and 
stacked as soon as the building is commenced. 

396 - Size cf Floor Boards— Flooring boards should be as 
narrow as possible, so as to reduce the tendency to shrink; 4m. 














AUSTRALIAN BUILDING PRACTICE. 


1(59 


is a good width, but they should under no circumstances be 
wider than 6in. The thickness ranges from %in. to ij^in.; the 
thickness most generally used for ordinary work being iin. 

397- Joints of Flooring Boards. —These may be divided into 
two kinds, viz.,— 


(a) Longitudinal Joists. 

(b) Cross ,, 

398- The Longitudinal joints are those made by the boards 
sideways with each other. The cross joints (or “heading” joints 
as they are called) are those made by joining piece to piece end¬ 
wise in the length. The longitudinal joints are made either as:— 
Plain Butt Joint . 

Or Ploughed and Tongued Joint. ) g ee p p* y 
Rebate > &* /o* 

,, Tong tied and Grooved ,, I ^ ee ® 73 * 

„ Secret Nail Joint, as at A, Fig. 55. 


The tongued and grooved joint (B, Fig. 73) is the one most 
used in practice for ordinary work. Care should be taken that 
the groove is not too near the upper surface, for, if it is, the 
board will very soon be worn down to the groove and rendered 
useless. The shoulders of the tongued and grooved edges should 
be quite square with the faces of the boards, and the tongues 
should be a little less than the depth of the grooves, so that 
the boards may be brought tight up against each other with the 
cramps, which latter are screws temporarily attached to the joists 
and used for pushing the floor boards tight together before being 
secured. In ordinary work the boards are secured to the joists by 
nailing with two nails, into each joist, along the length of each 
board. The nails should be punched in, and unless in very com¬ 
mon work, the holes well stopped with putty. In first-class work 
the nail holes, even if stopped with putty, are objectionable in 
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appearance, and the secret nail joint shown at A, Fig. 73, is used. 
In this case one board is laid at a time, and nailed at outer edge, 
the other edge being caught in the groove of last laid board. As 
will be seen, the nails would be hidden from sight. The ton- 
gued and grooved joint may, however, be laid with hidden nails, 
as shown at B, Fig. 73. 

399. The heading joints should break with each other, and 
are made either by:— 

Plain Butt Joint, 

Or Bevelled ,, „ 

,, Ploughed and Tongued Joint. 

All joints, of course, being on joists. Care must be taken 
to have the boards so joined, exactly of the same width, otherwise 
an ugly break and crevice will occur. This trouble is very likely 
to arise if the boards are mixtures of different “millings.” For 
secret nailing the joint used would be the ploughed and tongued, 

400. Parquet Flooring consists of small pieces of fancy 
timber of different kinds inlaid as bordering into a first-class 
floor of boards; or set close together in geometrical design all 
over and supported by a strong foundation of ordinary flooring 
boards. The upper surface is generally polished, and when well 
executed this kind of floor is not only very ornamental in appear¬ 
ance, but. very nearly approaches the ideal from a sanitary point 
of view, for there are no cracks or crevices, and consequently no 
harbour for dust. 

Many of the Australian fancy figured timbers are eminently 
suited for this work. Parquet flooring may be obtained, made in 
squares all ready for laying. 


Timber Roofs. 


401. Forms of Roofs. —The ordinary forms of roofs clas¬ 
sified as regards outward appearance are as follows:_ 

(a) Lean-to roof. 

(b) Gable „ 

(c) Hipped „ 

There are other special forms, such as Mansard, Curved 
roofs of all kinds, and Domes, but more than a very brief refer¬ 
ence to these, at a later stage, is impossible within the limits of 
these articles. 

402. The sketch Fig 74, has been prepared to illustrate the 
ordinary forms of roofs. It is merely diagrammatic, and is not 
to scale. 
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403 - (a) Lean-to Roof.—-This kincf (sometimes called a 
ISkillion Roof) shown at A, Fig. 74, is a simple form of roof 
suitable for small spans. As will be seen, it consists of one 
surface sloping down from back to front. What is called a V 
Roof is formed of two lean-to roofs sloping down from the side 
walls to a gutter along the centre of the building. The details 



of a lean-to roof are shown by Fig. 75. Although sometimes the 
form of the lean-to is used for trussed roofs of a large span (in 

which case the construc¬ 
tion is complicated), this 
style of roof is generally 
used only in rear build¬ 
ings, or verandahs where 
no ceilings* are required. 
If a ceiling is needed the 
joists may be put in as 
shown by dotted lines, 
marked S in Fig. 75. 

404- Gable Roof —T 'he form of the gable roof is shown at 
C, Fig. 74. It is a very common form, being used, perhaps, 
more than any other. 

405- Hipped Roof. -This form is shown at P>, Fig. 74. Tt 
may be described as pyramidal in shape, having surfaces sloping 
upwards from all the eaves, the salient intersections of the sur¬ 
faces being called hips. 
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406- The forms of the two latter, viz., Gabled and Hipped 
Roofs, are produced by different methods of construction. The 
term Gable or Hipped is often replaced by that of the particular 
kind of construction. For instance, a Gable Roof may be built 
on the principle of the collar beam and may be called a collar 
beam roof, and so on. 

407 The Different Methods of Construction are as 
follows:— 

(1) Couple or single span. 

(2) Collar beam 

(3) Couple close or tie beam. 

(4) Truss. 



Fig. 76. 
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408. (1) Couple or Single Span Construction is shown at 
W, Fig. 76. In this case the sloping surfaces are held in position 
altogether by the wall&, there being no cross tie in the roof itself. 
It is a weak form, for, there is an ever acting thrusting force 
against the walls tending to turn them over. 

409. (2) Collar Beam Construction.— In this case, as will 
be seen by Z, Fig. 76, a horizontal tie piece, called a collar beam, 
is put in at some distance above the level of the top of the walls. 
This beam known also as a collar tie, helps to keep the two 
surfaces from spreading, and so, in a measure, relieves the walls. 
There is, however, a tendency to bend outwards of the parts of 
the rafters below the collar beam, and if this bending takes place 
the walls get an ugly thrust. To minimise the danger of bend¬ 
ing, the collar beam should be as low as possible. In cases where 
a ceiling is attached to the collar beams the latter are generally 
called ceiling joists. 

410. ( 3 ) Tie Beam or Couple Close Construction.—This 
kind of construction, shown at Y, Fig. 76, is most generally 
adopted for roofs where the span is not great enough to render 
truss construction necessary. As will be seen by the drawing, 
the tie beams (really the ceiling joists) are put across at the 
level of the top of the walls, and are secured to the feet of the 
rafters. Different methods of securing the ceiling joists to the 
feet of the rafters are shown in detail in Fig. 76. 

411. (4) Truss Construction. —The kind of construction 
noticed in the last article does well for roofs of span up to about 
16 or 18 feet, but, when over 18 feet, it is altogether unsuitable, 
as the system is deficient in stiffness and it becomes necessary to 
substitute what is called Truss Construction, which consists of 
supporting the rafters on braced frames, spaced about 10 feet 
apart. These braced frames, which also serve to carry the ceil¬ 
ings, are called “trusses” or “principals.” Two kinds of trusses 
are shown by Fig. 77. The top one is known as a King Post 
1 russ, and is suitable for spans up to 30 feet. 

412. The King Post Frame consists of: — 

Tie Beam marked TB Fig. 76. 

Principal Rafters „ PR „ 

King Post „ K 

Struts „ M 

413. Pieces of Timber called Purlins , stretch from frame to 
iame, and on these the common rafters are secured. One 

purlin is marked S in Fig. 77. The functions of the parts of the 
iame are as follows:—The Tie Beam acts as a tie and prevents 
the principal rafters from spreading outwards at the feet. The 
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King Post acts as a suspender, to hold the centre of the Tie Beam 
up, and so prevents “sagging” of the latter; while the struts 
serve to support the centres of the principal rafters. The 
combination of parts is therefore such, that all are acting together 
to resist change of form in the whole frame, and the result is a 
structure of considerable stiffness. A great deal, however, 



depends on the excellence of the methods of jointing the parts 
togther, and these will now be dealt with. 

414< Joints and Details of a King Post Truss.—Enlarged 

views, or parts of a king post truss, together with other portions 
of a roof, are given in FWs. yg and 79. The method of shoul- 
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dering and tenoning the foot of a principal rafter into the tie-beam 
is shown in Pig. 79. To prevent the upper part of the end of 
the tie-beam being shorn off, the distance from the toe of the 
PR to the end of the tie-beam should he as long as possible; 
a good position is to have the toe just over the inside face of the 
wall, as shown by the sketches. An extra guard, against the 
toe of the P R spreading, is provided in the shape of the Heel 
Strap marked G in the sketches 77 and 79. This is composed of 
wrought iron, made with cover piece and screwed ends and nuts 
for fastening. 



Fig- 7 8 - . 

415. The Heel Straps should be fixed at such an angle, that, 
in the event of being required to take up the stress by failure of 
the joint, they will be able to do so at once without allowing any 
spreading to take place. 

416. The King Post, which supports (as before pointed 
out) the tie-befim from the heads of the principal rafters, and 
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Fig. 79. 



also supports the centres of the latter per the struts, is shaped out 
of a single piece of timber, with base and head as shown 
in the sketches. The joint of the King Post with the tie-beam is 
made with a stub tenon, and the two are kept together (for it 
is to be remembered that the king post is pulling from the tie 
beam) by the Tension or Stirrup Strap marked Z on Fig. 78. 
When the truss is completed the tie-beam should have a “Camber/’ 
1 e., a slight upward curve. To bring this about the King Post 
is cut a little short, and the tie-beam is forced up to it by means 
of the pieces of iron called Gib and Cotter (marked L on Figs. 
77 and 78), which act wedge fashion (using the King Post as 
abutment), bringing up the strap and tie-beam. The upper ends 
of the principal rafters are square shouldered on to, and stub 
tenoned into, the head of the King Post and iron straps, 
shaped as shown on sketches, placed on both sides, and bolted 
through, serve to hold the whole together. 

417. The Struts which are in compression are shouldered on 
to and stub tenoned into the principal rafters and the enlarged 
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base of the King Post. 

418. The various other parts, such as ridges, common 
rafters, &c., shown in the sketches of the trusses, will be dealt 
with under separate headings later on. 


419 . Queen P6st Truss— The lower of the two frames 
shown by Fig. 77 is known as the Queen Post Truss, which \s 
suitable for spans over 30 feet and up to 45 feet. It differs 
from the King Post Truss inasmuch as it has tzvo posts support¬ 
ing the tie-beam. These posts are called Queen Posts. In 
addition to the difference in the number of posts, there are also 
two additional members, called : — 

(1) A Straining Beam, marked S B, Fig. 77, which stretches 
between heads; and (2) a straining sill marked S S, on Fig. 77, 
between feet of posts. 


420 . An Enlarged view of the head of the Queen Post is 
given in Fig. 80, in which the joints, with it, of the principal 
rafter (PR), the straining beam (SB), and the straps are also 
shown. The other joints are the same as those of the King Post 
frame described in the last article. 


421 . Other Forms of Timber Truss.— When the span 
exceeds 45 feet two additional posts, called Princess Posts , are 
put, one between each Queen Post and wall. This form does 
up to 60 feet of span. Sometimes for spans of about 50 feet the 
King Post is retained in addition to Queen Posts. 


422. For large spans the arrangement of the various 
timbers become a very complicated matter, to go into which 
would be impossible unless plenty of space were available, and, 
indeed, it is hardly necessary, for the use of iron is becoming 
general for roofs of truss construction, where it is only a matter 
of getting a covering for the building, as for factories or where 
the roof construction is hidden by ceilings, as in the case of large 
dwelling house and public buildings. It is, however, impossible 
to avoid noticing the kinds of truss used in Gothic work, for in 
this style of architecture the interior of the roof is left exposed 
tc the eye, and the construction is planned to be ornamental as 
well as stable. 
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423. Some Examples of Gothic Trusses.— The sketches 
A. B, and C, Fig. 81, illustrate, in skeleton form, three different 
kinds of braced frames in use in Gothic open timbered roofs, 
and, though by no means covering the whole of the kinds, they 
may be taken as representative of the style of construction. The 
example A is a cambered and braced tie-beam truss with posts 
spaced at intervals on each side of the centre, the spaces between 



the posts being filled in with cut panels. The tie-beam would 
be cut with the upward bend or “Camber” out of a solid piece of 
timber. The sketch B, Fig. 81, shows a Collar braced Truss. 
In this case the collar beam is very high, and the stiffening of 
the truss is accomplished by the collar braces (marked D), which 
extend from under the Collar Beam and go down each principal 
rafter and down the walls for some distance. What is called a 
“Hammer Beam” truss is shown by C, Fig. 81. This kind, like 
the last described, has a Collar Beam high up near the ridge and 
Collar Braces (marked E), but the latter, instead of going down 
the walls, are stopped on to short projecting beams called 
hammer beams (marked F), which in their turn are supported 
b\ wall braces (marked H) going from under them and down 
the wall. The collar braces are also secured at their lower por¬ 
tions against struts which extend vertically from the Hammer 
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beams to the principal rafters. The jointing together of the var¬ 
ious parts of these trusses is done in much the same manner as 
described for the King Post Truss in Arts. 411 to 417 ante . It is, 
however, to be pointed out that these trusses (A, B and C, Fig. 
81) are weak and entirely unsuitable for large spans, and even in 
small spans the walls must be thick and well buttressed to resist 
the thrust. 


424. Trusses of Iron and Timber Combined.—Fig. 82 

shows examples of the use of iron in conjunction with timber 
in what is called a King Bolt Truss. A is a cast-iron head or cap 



piece, shaped to receive the upper ends of the principal rafters, 
and drilled to take the head of a wrought-iron or steel King Bolt. 
B shows a cast-iron shoe fitted on and bolted to the end of a tie- 
beam, and formed to also receive the lower end of a principal 
rafter—the lower part of the casting being shaped as a seat for 
resting on, and bolting to stone template in the wall. In both 
cap and shoe pieces the thickness of metal should be enough to 
prevent rupture. C shows the lower end of the King Bolt passing 
through the tie-beam, and also the ends of the struts stopped on 
to an abutment block through which the King Bolt also passes 
and keeps in position. 


425. It will be seen that the necessity of depending on 



















180 


AUSTRALIAN BUILDING PRACTICE. 


shoulder and tenon joints for the stability of the frame is removed 
by the employment of metal for the connections, as illustrated, 
and the King Bolt is a great improvement on the timber 
King Post. The use of iron and steel in connection with timber 
on the principal, as sketched out above, may be extended with 
advantage to roofs for very large spans; a good style of con¬ 
struction of being King, Queen, and Princess Bolts, with timber 
principal rafters, tie beams, and struts. 

426 Spacing Apart of Trusses and Sizes of Timbers 

—Trusses are usually spaced about io feet to 12 feet apart, being 
secured at the bearings on the wall to wall plates as shown at 
P, Fig. 79, or on to stone templates as marked at C, Fig. 77. 



r— 

rrt> . ^ S 



□ 



□ 

<*[ 
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Fig. 82. 


427- When setting the trusses in position the greatest care 
should be taken to have them perfectly upright. The cross sec¬ 
tions of timbers of trusses suitable for different spans, from 20 
to 60 feet, are given in the Table xxvi. As noted on the table, 
the sizes are by Tredgold, whose calculations, it is generally ad¬ 
mitted, were on the safe side. Trusses made with Oregon or 
Baltic pine timbers, of the cross sections, given in the table, would 
carry roof coverings of Countess Slates and Pine bo&rding, and 
also ceiling joists and ceilings; for such a light covering as cor¬ 
rugated iron, which is put on without boarding, the timbers may 
be much lighter. It may be mentioned that the tie-Beam, prin¬ 
cipal rafters, and posts, should, if possible, be made of the same 
thickness, so as to bring their faces to the same plane. 
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TABLE XXVI.* 


Showing Cross Sections of Timbers of Trusses for Various Spans. 
Pitch of Roofs 27°. Trusses Spaced 10 feet apart. 


SPAN, 
in feet. 

TIE 

BEAM. 

in. x in. 

KING 
POST, 
in. x in. 

QUEEN 
POSTS, 
in. x in. 

PRINCESS 
POSTS, 
in. x in. 

PRINCIPAL 
RAFTERS, 
in. x in. 

STRAIN- 
ING BEAM, 
in. x in. 

STRUTS, 
in. x in. 


f20 


x 4 

4x3 




4 

X 4 


34 x 2 

KING 

22 

94 

X 5 

5x3 


— 

-- 

5 

X 3 .4 

— 

n x 24 

POST < 

I 24 

104 

x 5 

5 x 34 


— 

— 

5 

x 4 

— 

4 x 2 

TRUSSES. 

I 26 

14 

x 5 

5x4 


— 

— 

5 

x 41 

— 

44 x 24 



14 

x 6 

6x4 


_ 

— 

6 

x SK 

— 

44 x 25 


V30 

12 

x 6 

0 x 44 


— 

— 

0 

x 4 

— 

45 x 3 


[ 32 

10 

x 4.4 

_ 

44 

x 4 

_ 

44 

x GJ 

65 x 44 

35 x 24 


34 

10 

x 5 

— 

6 

x 34 

— 

5 

x 64 

05 x 5 

4 x 24 

QUEEN 

36 

104 

x 5 

— 

5 

x 4 

— 

5 

x OJ 

7x5 

44 x 24 

POST - 

38 

10 

x 6 

— 

0 

x 35 

— 

6 

x 0 

74 x 6 

44 x 24 

TRUSSES. 

40 

11 

x 6 

— 

6 

x 4 

— 

6 

x 6.V 

8x0 

44 x 24 


42 

14 

x 6 

— 

0 

x 44 

— 

0 

x f,:J 

84 x 6 

44 x 25 


44 

12 

x 6 

— 

6 

x 5 

— ■ 

0 

x 7 

84 x 0 

4A x 3 


Ue 

124 

x 6 

— 

6 

x 5A 

— 

6 

x 74 

9x0 

4} x 3 


(48 

14 

x 6 

_ 

6 

x 55 

6 x 24 

6 

x 8 

84 x 6 

44 x 23 

QUEEN 1 

«> 

12 

x 0 

— 

0 

x 6] 

G x 21 

0 

x 84 

84 x 0 

44 x 2} 

AND 

1 52 

12 

x 64 

— 

6 

x 6:| 

0 x 2| 

0 

x 85 

8| x 6 

4| x 2| 

PRINCESS 

54 

12 

x 7' 

— 

7 

x 6| 

7 x 2| 

7 

x 7:} 

9x6 

45 x 23 

POST 

1 56 

12 

x 8 

_ 

7 

x 05 

7 x 24 

7 

x 8 

94 x 6 

5 x 23 

TRUSSES. 

1 

58 

12 

x 84 

— 


x7i 

7 x 2:5 

7 

x 84 

94 x 7 

6 x 23 


Leo 

12 

x 0 

— 

74 

x 7 

7x3 

74 

x 8 

10' x 7 

5x3 


* Tredgold. 


428. Pitch of Roofs —Table XXVII. gives minimum pitch 
for different kinds of covering. 


TABLE XXVII. 


Showing Angle of Inclination (or “ Pitch”) of Roof Surfaces for Various Kinds of Covering. 


-V 


Kind of Covering. 

Minimum Angle of Inclination 
in Degrees. 

Copper. 

34 

Lead. 

— 

Zinc. 

4 

Slateg (Queens). 

22 

,, (other kinds). 

Felt (asphalted), 

264 

34 

Corrugated Gal. Iron. 

11 

Tiles. 

from 30 to 45 

Thatch. 

45 
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429 - Wall Plates are the pieces of timber laid horizontally 
on the walls to receive ends of rafters in lean-to (see Fig. 75), 
single span (see W, Fig. 76) and collar beam (see Z, Fig. 76) 
contraction ; or the ends of ceiling joists in roofs of close couple 



Fig - . 83. 


construction (see Y, Fig. 76) ; or the ends of trusses (see Fig. 
77). Wall plates are indicated by P, in Figs. 75, 76, 79, and 
83. Excepting in the case of roofs of truss construction the wall 
plates are, as a rule, made 4m. x 3m. in cross section, this size 
serving to take up the space of a course of bricks. It will be 
seen, by reference to the sketches, that in most cases the wall 
plate is kept on the inner edge of the wall; this position being 
the best. Where, however, it is desired to finish the eaves, as 
shown at right hand of Fig. 76, the plate may be put on the out¬ 
side edge.. The joint called halving (see Art. 362) is used for 
jointing pieces of wall plate, either when to be continuous, or at 
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right angles. Reference to Art. 37^ will show that the term 
wall plate is also given to the timbers which receive ends of floor 
joists. 


430- Ceiling Joists are the pieces of timber which are 
provided to carry the ceilings and are put either— 

(0 Under floor joists for lower ceilings, or 
(2) Under rafters for upper ceilings. 


431. Ceiling Joists Under Floors. —Fig. 72 shows the 
relative positions of, and methods of securing ceiling joists (CC) 
to binder (R) in double and framed floors. This system of con¬ 
struction is, however, the exception rather than the rule; the 
general method being to put the laths for the plaster, or the 
“firring” for metal or such other kinds of ceiling, or lining 
boards, directly on to the bottom edges of the floor joists, and 
there is much to be said in favour of this method, for the double 
framed floors are expensive and have disadvantages, as set out 
in Art 385, ante; although it is true that with ceiling joists sepa¬ 
rate from the floor joists the evil effects of vibration are avoided. 


432. Ceiling Joists Under Roofs. —Sometimes as, for in¬ 
stance, in lean-to roofs for rear buildings and verandahs, the 
ceiling is put on to the rafters; and in collar beam roofs the ceil¬ 
ing is put part on collar beams and part on rafters. In these cases 
ceiling joists proper are not required. But in roofs of close couple 
(though in this case they serve also as Tie-beams), the ceiling 
carrying timbers are called ceiling joists (see Art. 410 ante). In 
roofs of truss construction ceiling joists must be specially pro¬ 
vided, and they are either notched on to the Tie-beams, or spiked 
or cut on to fillets at side of Tie-beam in the same manner as they 
would be fixed to Binder, as shown by Fig. 72. . Ceiling joists 
cut on to side of Tie-beam are shown marked 'CJ in Fig. 77. 


433- Trimming of Ceiling Joists. —Ceiling joists should 
be trimmed for manholes, skylight openings and round flues. 
Also, in case of hipped roofs finished all round at eaves (as shown 
at left hand of Fig. 76), short trimmer ceiling joists are required 
to carry the eaves out and to receive the feet of rafters at ends 
of roof. Fig. 83 shows some of these trimmer joists going from 
the side of the last long joist out over the wall, and carrying the 
feet of the rafters. The trimming of ceiling joists should be in 
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all cases as described in Art. 389 ante on trimming or floor joists. 

434 - Bearings and Supports of Ceiling Joists. —Different 
methods of arranging the bearings of ceiling joists on walls, 
and under and against rafters are shown in Fig. 76. Ceiling 
joists should be further supported (excepting in the case of truss 
construction, where it is impracticable) by pieces of timber called 
“Hanging Pieces,” which extend from wall to wall on top of, and 
at right angles to the length of the ceiling joists, and connected 
to each of the latter by pieces of 2in. x 2in. One hanging piece 
should be provided for joists with spans up to 12ft., and there¬ 
after two up to spans of 18ft.; the cross sections of the pieces 
in all cases to be sufficient to give stiffness to the ceiling. 


435. Timber for, and Spacing Apart of Ceiling Joists. 

—Oregon is about the best kind of timber for ceiling joists, and 
is much used, but, hard woods such as Tallow-wood, Blackbutt, 
White Mahogany, Spotted Gum, Red Mahogany, Grey Gum, 
etc., as well as Colonial Pine, are also greatly used. Ceiling 
joists are usually spaced 18 inches centre to centre to suit the 
laths which come to the market generally in lengths of four feet 
six inches. 


436. Sizes of Ceiling Joists —For pine joists, 2in. thick 
with in. of depth for every foot of span is a good size. A 
thickness of 1 1 / 2 inches may be used in which case the depth must 
be a little more than when 2in. thick. If hardwood is used it is 
best to keep the size about the same as for pine, for, although 
stronger timber as before pointed out. it is difficult to get it sea¬ 
soned. As regards the depth, it is. however, well to point out 
that with the eaves finished as at left hand of Fig. 76, the maxi¬ 
mum room span will decide the depth of all the others, for the 
depths at the eaves round the roof must be the same. If for the 
sake of economy it is worth while to have the depths different, 
the joists must be reduced to the same depth at the feet of the 
rafters to have the eaves the same height all round. 


437- Ridge Piece and Ridge Roll. —The horizontal piece 
of timber to which the upper ends of the rafters are secured is 
called the Ridge Piece. It varies in thickness from iin. in small, 
tc 2in. or 2^4 in. in large roofs, the depth being made to suit 
the size of the rafters. Joints where necessary in the length 
are made with the scarf joint marked D, Fig. 65. The piece of 
timber, partly rounded in cross section, shown on top of ridge 
piece at U in Figs. 76 and 78 is used to dress the lead ridge 
covering round, and is called the Ridge Roll. 


AUSTRALIAN BUILDING PRACTICE. 


185 


438- Hip and Valley Rafters.— The external sloping edges 
formed by the intersections of surfaces of Hipped Roofs are 
called Hips. For an example see K, Fig. 74- To form the hips 
pieces of timber called Hip Rafters are put extending from the 
corner of the wall to the ridge (or to the upper point of the roof 
if there be no ridge), and on to them are cut and secured the 
upper ends of the short rafters.’ Fig. 83 illustrates a Hip Rafter 
(K), and small rafters (called Jack Rafters ), together with 
ceiling joists, etc., of a roof with eaves to be finished as at left 
hand of Fig. 76. To prevent a thrust on the corner of the build¬ 
ing the foot of the Hip rafter should be tenoned with a corner 
timber called a Dragon Piece, which bisects the angle of the 
corner of the building, and is held in place by being tenoned 
and pinned with a cross piece (B, Fig. 83) called an angle brace, 
which is in its turn tenoned into ceiling joists. Where there 
are no ceiling joists at the level of the plates as in a collar beam 
rcof, the angle brace is secured by notching and spiking to the 
wall plate. Hips are surmounted by rolls, similar to those for 
ridges, where lead covering is to be used. The internal angles 
formed by intersections of roof surfaces are called valleys. (See 
D, Fig. 74.) A valley is really the reverse of a hip, and the 
main points of construction are the same; a rafter, called a valley 
rafter, about the same size in cross section as a hip rafter being 
put in to receive the upper ends of the short rafters, but the top 
of thi valley rafter is kept down flush with the top edges of the 
rafters to allow the valley boarding to meet above it. (See Fig. 
84, which shows a cross section of a valley; A being the valley 
rafter; C R the rafters; and B the valley boarding. The Pole 
Plate is the piece of timber on to which the feet of the Common 
Rafters are cut. It is generally about 2 in. x 2in. in cross sec¬ 
tion, and is, as a rule, in ordinary roofs let half its depth into the 
ceiling joists. A Pole Plate in ordinary roof construction is indi¬ 
cated by E, in Figs. 76 and 83. It will be seen by the latter 
sketch that the foot of the rafter comes directly over the ceiling 
joists so that the pole plate does not carry the rafters. In roofs 
of truss construction the pole plates are much larger in cross 
section, having to carry the feet of the common rafters, as well 
as hold them in place. ’ A pole plate in a truss roof is indicated 
by PP in Fig. 77, and by PP in Fig. 79. Hip and Valley Rafters 
and pole plates are made of pine; Oregon being usually 
used. 


439 - Purlins are the pieces of timber placed at intervals to 
support the common rafters. In roofs of truss construction the 
purlins bear on the principal rafters (having blocks below them at 
the point of bearing as shown at S. Fig. 77). and span the distance 
between the trusses. See part of purlin marked S m portion of 
Queen Post Roof, Fig. 80. In roofs of single span, collar beam, 
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and couple-close construction, the purlins are put with ends rest¬ 
ing in the gables, if there be such, or, in the case of hip roofs, 
with their ends cut and spiked on to the hip rafters—the purlins 
in all cases being supported at intervals along the length by 
struts. The struts should bear not on the ceiling joist, but on 
to either cross walls or beams provided for the purpose, and 
clear of the ceiling. A purlin, as in an ordinary roof of couple- 
close construction, is shown at S, Fig. 76. The Table XXVIII., 
by Tredgold, which will suit the demands of ordinary practice, 
gives the safe scantlings of pine purlin for different spans and 
various distances apart in roofs covered with slate. Joints where 
necessary in the length of purlins are made with the halving joint 
(see H, Fig. 65), the joint, of course, always being over the 
point of support. 


TABLE XXVIII.* 


Showing Cross Sections of Pine Purlins. 


in feet. 

6 feet. 

7 

feet. 

8 feet. 

9 feet. 

6 

6" x 31” 


x 3|" 

or 

X 4 

«r 

x 4 *" 

7 

fif x 4* 


x 4* 

74 

x 4A 

7* 

x 4A 

8 

7i x 

h 

x 4| 

8 

x 43 

si 

x ft 

9 

8* x ft 

8* 

x ft* 


x ft! 

9 

x ft A 

10 

83 x 5* 

; 

x ft* 

PA 

x ft| 

03 

x ft§ 

11 

9A x ft* 

! 0| 

X ft} 

10V 

x 0 

10A 

X 0* 

12 

! 10 x 6 

10* 

X 0} 

10| 

X 0A 

nj 

x 6| 

13 

10} x 6* 

1 iH 

x ft 3 

11A 

x 7 

! 12 

x 7* 

14 

uj x e| 

! ll| 

x 7 

12* 

x 7* 

,12* 

x 7A 


• Tredtrold. 


440. Common Rafters. —These are the timbers, supported 
at their feet on to the pole plate and at their heads against the 
ridge piece, which carrv the boarding or battens and slate or 
other roof covering material. The methods of cutting feet on 
to pole plates and heads on to the ridges are shown in Figs. 75, 
76, 77, 78, 79, and 83. See also Art. on Eaves for further infor¬ 
mation as to finish at feet in certain cases. 

441. Common Rafters are spaced generally 18 inches centre 
to centre for slate or tile covering, but for corrugated galvan¬ 
ised iron they are, as a rule, put 3 feet centre to centre. The 
Table xxix. gives scantlings of common pine (such as Oregon') 
rafters for various lengths of span—the length of span being 
the distance between points of support such as pole plates, pur¬ 
lins, and ridges. In some cases of truss construction, where a 
galvanized iron covering is used, the common rafters are omit¬ 
ted, and the iron is put directly on to the purlins, which are in 
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such cases spaced not more than about 3 feet apart. Rafters 
should be trimmed in the same manner as joists (see Art. 389 
•ante) round chimney stacks, openings for skylights, etc. 

TABLK XXIX. 


Showing cross sections of pine common rafters for different spans. To be spaced 18 inches 

centre to centre. 


Distance between points 

Cross section in 

of support in feet. 

inches. 

1 

4 

3x2 

(5 

4x2 

8 

5x2 

10 

6x1 


442- Boarding, Battens, Etc- —The roof covering material 
is secured either to (i) Purlins, (2) Battens, or (3) Boarding. 
When secured to the purlins the common rafters are, of course, 
omitted. Battens are strips of timber (usually pine) ranging, ac¬ 
cording to weight of covering material, from i^in. x Tin. to 3m. 
x iin. in cross section. They should he spaced apart to suit the 
tiles, slate, or iron covering, and well nailed to the rafters. Battens 
(one is marked D) are shown in Fig. 76. The lowest batten 
should be thicker than the rest, so as to give the bottoms of the 
slates or tiles a slight upward cast at the eaves. In better kinds 
of construction pine boarding , about iin. thick, is nailed on to 
the rafters, as shown at B, Fig. 78, to receive the covering. In 
the example Fig. 78, the boarding is shown as parallel to the 
ridge, but a better way is to have it diagonally, for it then acts as 
bracing for the roof. In Gothic roofs, where the underside of 
the boarding is exposed, it is usual to have the longitudinal 
joints toneued and grooved, and the edges beaded. When board¬ 
ing is used a narrow strip, called a tilting ;fillet (see Fig. 79), is 
put at the lowest edge to achieve the same result as the thick 
batten mentioned above. 

443- Roof Gutters. —The making of gutters in connection 
with roofs is done partly by the carpenter, and partly by the 
plumber. The former does the preparatory timber work, and 
the latter the finishing metal work. Unless the timber work is 
done so as to enable the plumber to put the metal in properly, 
the gutter will not be a success. It will, therefore, be clear that 
the carpenter must have knowledge of the plumber’s work, which 
is to depend on his. For this reason the following, though mainly 
descriptive of the timber work of gutters, necessarily deals to 
some extent with the plumber’s work. Roof gutters are made 
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at the following places:— 

(a) At horizontal lines of intersection of roofs with 
walls (see A, Fig. 79, and Q, Fig. 84). 

(b) Between roof surfaces such" as those of a V roof 
(see Z, Fig. 84). 

(c) Behind upper faces of chimneys (see Q, Fig. 84. 
and at the upper edges of skylights, see Fig. 87). 

444- Gutters at horizontal lines of intersection of roofs with 
walls are made either as shown at A, Fig. 79, which illustrates 
what is called a box gutter, or as shown at Q, Fig. 84, which is 
a. sketch section of a gutter with one side sloping up with the 
pitch of the roof. Both of these kinds are used for behind para¬ 
pets or where a wall extends up beyond the eaves. The box 
gutter A, Fig. 79, is formed with bottom of pine boards about 
1 in. thick, which rest on, and are nailed to, pieces of 3m. x 2in. 


T • / 



called gutter bearers. The latter are spaced about 18 inches 
centre to centre, and rest at one side on a fillet secured to the 
pole plate, and at the other on to small studs from the tie-beams, 
and into the wall in the intervals between the trusses. The side 
of the gutter nearest the roof is formed partly by the pole plate 
and partly by pieces cut in on top of pole plate, and between the 
rafters. Box gutters are generallv used in roofs of truss con¬ 
struction, and should be not less than 12 inches wide. 
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445, The Gutter shown at Q, Fig-. 84, has the bottom also 
formed of boards resting on gutter bearers, but the latter are 
secured to sides of common rafters at the inner ends. The sloping 
sides should be of the same thickness as the battens or boarding 
used on the roof. The gutter Z, Fig. 84, is an example of the style 
generally adopted for V roofs, though in some cases a box gut¬ 
ter between two pole plates is used. The style of construction 
shown at Q, Fig. 84, is that used for behind chimneys, which 
like that at E in the Hip roof, Fig. 74, are not at the upper edge 
of roof. In all these gutters, excepting those behind the chim¬ 
neys, and in other cases where the length is very short, what are 
called expansion joints or “drips” have to be made where the 
pieces of metal meet. When lead is used the drips should be 
not more than 12 feet apart. When galvanized iron is the lining 
material the drips should he about 33ft. apart. The method 
of forming a drip is shown at D, Fig. 84. The 
sketch is a section taken in the direction of the 
length of the gutter. At the drip the gutter bottom is 
dropped, if possible, 3 inches, but not less than ij^in., the gutter 
bearers G B being arranged one lower than the other, as shown, 
to allow of the drop, and the edge of the upper bottom is rebated 
to receive the turn-over of the under lead. The sketch shows 
drip for a lead gutter; but, for galvanized iron—which by-the- 
way, is very much used—the preparation is much the same, the 
difference in the joints being more in the plumber’s than in the 
carpenter’s work. If the lining is to be of lead, the falls in the 
lengths between the drip-s should be not less than one inch, but 
for galvanized iron, the fall should be much greater as the iron 
does not lie so flat. Tilting fillets (marked F in Fig. 84) over 
which the inner upper edge of gutter lining, or apron flashing, 
if there be such, should be turned, must be provided in all cases. 
At the lowest levels of gutters, “wells,” or “cesspools,” are 
formed, out of which the water is taken by a pipe leading to the 
down-pipe head outside. These cesspools are usually square in 
plan, and from 6 to 9 inches deep. A section of a cesspool is 
shown at C P, Fig. 84. As will be seen, the cross sides are formed 
with extra deep gutter bearers—the bottom being formed of 
boarding, resting on fillets at sides of bearers. The transverse 
upper edges are formed just as drips. 

446. Eaves, examples of which are shown at H H PI, Fig. 
74, are the lower overhanging edges of roofs. The methods of 
forming them may be put under two heads, though in matters 
of detail there is much variety:— 

(a) Eaves with ends of rafters exposed. 

(b) Eaves with ends of rafters boxed in. 
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447. (a) Eaves with Ends of Rafters Exposed —The 

case of a common roof with eaves of this kind is shown in Fig. 
75, in which the rafters are extended for some distance out past 
the face of wall, and a board (B) called a fascia board nailed 
along their lower ends. When a better finish is required the ends 
of rafters may be planed and also curved, and boarding, with 
lower faces dressed, put on top as shown in Fig. 76. In this case 
a second fascia is put along top of wall to cover wall plate, and 
spaces between the rafters. Sometimes the ends of rafters are 
left rough and the boarding put underneath. The ends of rafters 
in truss roofs may be finished as above, see D D, Fig. 77. 

448 . (b) Boxed Eaves..—An example of a boxed eave is 
shown at left hand side of Fig. 76. In this case the ceiling joists 
are extended for some distance (see also Fig. 83) past the face 
of the wall, and boarding, called soffit boarding (see G, Fig. 
76), generallv about one inch thick with under face planed, is 
nailed under them; the fascia (B) being also nailed to 
their ends. Boxed eaves in truss roofs are framed up at 
bottom of common rafters with 4m. x 2in. horizontal firring- 
pieces as at A, Fig. 77. Boxed eaves are at times made very 
elaborate with mouldings on fascias, and brackets, or consoles, 
under the soffit. Redwood makes an excellent timber for eaves 
work. Eaves when well finished go far to make a house look 
well, but for city architecture they are not safe on account of the 
easy passage, in the way of exposed timber, which they offer to 
fire from one building to another. 



Fig. 85. 


449- Dormer Windows. —Rooms in roofs are by no means 
uncommon, but, bevond the fact that the joists must be made 
strong enough to take the floor weights, there is nothing special 
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in the timber work. The Partitions will be described under a 
special head later on. The windows called “dormer windows ” 
which are put in to light these roofs, rooms, or attics, are, how¬ 
ever, deserving of a little attention now. The sketch Fig. 85 
shows the skeleton construction of part of a dormer window. 
R R are the common rafters of the main roof. P is the wall 
plate of dormer. O the ridge, and V the valley rafter between 
the two roofs. The studs to form the sides of the projection of 
the dormer are shown (one is marked S) as halved, on to the 
common rafter. Fig. 86 shows a lower corner of a dormer in 
which A is the corner stud, and K the stile on to which a case¬ 
ment, opening outwards, would be hung. The stile K should 
be put in first with its lower end housed into the under sill Q, 
and the lead apron (L) turned round it and over the fillet (F) 
on under sill, before the upper sill (H) is put in. In this sketch, 
Fig. 86, the sides and portion of front of dormer are shown as 
covered with weatherboards, but slates, lead, zinc, muntz metal, 
tiies, and shingles are used at times for covering. 



Fig. 86. 
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450 Skylights—A skylight is a window put in, and having 
the same, or nearly the same, slope as a roof. They are some¬ 
times adopted instead of the dormer, described in last article, 
for attic rooms, and they are also much used to give light to 
stair halls and rooms where otherwise sufficient light is not ob¬ 
tainable. A section of a skylight is given in Fig. 87. T T are 
the trimmers to the rafters; G the lining board, which goes 
round the opening, and on to which the sash is fastened. The 
sashes are made from 2in. to 3m. thick, the glass being let into 
grooves at top and two sides, but passing over bottom rail, 
which is of lesser thickness than the other parts of the sash. 
The lining should be tongued into the sash at top and sides as 
shown, and both the lead of upper gutter and aprons at the sides 
should pass over the tongues. A groove to stop the water run¬ 
ning down should be put on the top under side of sash, as 

illustrated in the sketch. 
A fillet (H) is sometimes 
put on at upper under edge 
as a further protection 
against water at the top 
joint. A fillet with a 
grooved top edge to take 
the inner edge of the lower 
lead apron should be put 
as at J, Fig. 87. This 
small gutter takes off to 
the sides the water of con¬ 
densation, which collects at 
this under edge. In cases 
of important rooms and 
stair halls, an under frame¬ 
work, generally of an im¬ 
posing design and filled 
with stained glass, is 
put under the skylight 
proper at the level of the 
ceiling, so as to over¬ 
come the usually unsatis¬ 
factory appearance of the 
under side of the sky¬ 
light. 

451 - Lanterns—Top lights are sometimes made by ele¬ 
vating part of the roof at the ridge and putting in sashes, ver¬ 
tically, or slightly sloping, between the part so elevated, and 
the lower portion. These lights are called lanterns. When build¬ 
ing them the greatest care must be taken to have every possible 
guard against the inroads of the weather, for, like skylights, if 
not properly made, they give the greatest trouble. The upper 



Fig. 87. 
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sketch, Fig. 87, gives section through the sill at one side of a 
lantern. C is the plate, or under sill, to which the tops of the 
common rafters E are cut and secured. A is the sill of the 
lantern, which should not be put into place until the upper part 
of the lead apron is taken over a fillet, which projects from upper 
edge of plate C. The bottom of the sill A should be grooved 
to take this fillet with the lead over. The lead apron should, if 
possible, be taken right through and turned up at the back of the 
sill A. Tf the lantern is on a hip roof (in which case the sill will 
be returned at the ends), particular care should be taken that the 
fillet goes right to the angle, and that the lead is taken out over 
it, and further, that the lead is not jointed just at the angle, but 
that it is in a single piece for at least 18 inches on each side of 
corner. The sill A should be grooved on under side near the 
front. The roofs of lanterns are not much different from ordin¬ 
ary roof work. If the wind is to be feared, the lantern may be 
secured by iron straps, extending from sill A to plate C. D is a 
moulded cornice to cover the joint of the two sills. Sometimes 
lantern construction is adopted to provide a covered look-out 
from the roof, in which cases floors are put in a suitable level to 
allow of sight from the windows. 

452 . Flats —It often happens that where yard room is not 
obtainable the roof is made flat so as to serve the purpose of a 
yard. At other times the space between two parallel ridges is 
bridged over with a horizontal surface to avoid a gutter in be¬ 
tween, or to provide space for a room. Again, it is a common 
thing to have roofs of bay and oriel windows and other small 
areas finished with parapets and covered with flat roofs. The 
flats are made much on the same principle as a floor. If the space 
above is to be a yard, the joists must be strong enough to carry 
the weight. If the horizontal space is only to serve as a roof, 
it will be enough to have the joists strong enough to carry 
the covering material. The joists should be spaced i8in. 
centre to centre, and the upper surface should be formed with 
stout boarding, well seasoned, and brought to a fair upper sur¬ 
face. The fall of the fiat should not be less than I inch in 10 
feet. In all cases the joists should be supported by bearers or 
purlins at frequent intervals. Where the lower edge of flat is 
behind a parapet, a box gutter as at A, Fig. 79, should be pro¬ 
vided. Where metnl is used as a covering, rolls must be fixed; 
see description of plumber’s work later on as to spacing of rolls. 

453. Roof Ventilators.— These may be triangular, or other 
shaped frames with louvres; the latter being inclined boards 
ranging in thickness from J^in. to Tin., and each covering the 
other to some extent as shown at C, Fig. 89. I he vent frames 
are placed in a variety of ways. Sometimes they are built in 
little gable-like projections from the main roof, in which cases 
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the construction is much after the style of that for dormer win¬ 
dows, as shown in Fig. 85, the vent frame with louvre being put 
in the front. In cases, where the roof is hipped, the main ridge 
is extended past the point for some distance, and the side slopes of 
roof carried on also, thus forming triangular openings at ends 
which are filled with louvres. Again, a by no means uncommon 
way is to put a lantern at top of roof, but, instead of putting in 
the glazed sashes, louvres of glass are put in between the studs. 
Another way where there are gables, is to put the ventilator 
frames in the brickwork. In all cases where put in as projections 
from the roofs, the care described as being necessary for sills, 
of dormers and lanterns should be taken. 

454 Barge Boards and Finials- —In cases where the gables 
are not carried up with parapets, it is usual to project the roof 
over the walls for some distance, and finish the edges with tim¬ 
bers called Barge Boards, Fig. 
89 shows at A and B, front and 
cross section respectively, of a 
Barge Board. The wall plate, 
purlins, and ridge are extended 
out past face of wall to carry 
one, two or three common rafters 
as the demands of the projection 
mav require. The barge boards, 
which vary in thickness from 
1 V2 to 3 inches, are nailed on to- 
the outermost rafters. At the 
head they are either mitred to¬ 
gether or tenoned into a ver¬ 
tical piece called a fi trial. 
In the example shown in 
Fig. 89, the upper outer 
edge of board is moulded and the slates shown as 
projecting slightly beyond the moulding. Barge boards are 

made in a variety of wavs, and in different styles of design rang¬ 
ing from the very plain to the most elaborate. The example 
in Fig. 89 is a plain board with mouldings near the upper edge 
only, and fitted with a turned finial at the head. In some cases 
the boards are cut and carved, producing curves of a flowing 
nature, and often enough resulting in effects very like wedding 
cake ornament. In other cases the boards are framed up with 
panels, and sometimes the whole is made to look like an orna¬ 
mental truss with tie-beam struts, etc. 

455- Mansard and Curved Roofs, —A slight notice of these, 
to some extent uncommon roofs, is all that is possible on account 
of the limits of space. Fig. 88 shows half of a truss for a Man¬ 
sard Roof. To get the form proceed as follows:—Draw a line 














AUSTRALIAN BUILDING PRACTICE. 


195 


lor top of tie-beam. Mark on this the toes of common rafters 
(one is marked C in Fig. 88). Draw a semi-circle extending 
from toe of common rafter on one side to toe of common rafter 
on other side. Divide this semi-circle into 5 equal parts. The 
line from toe to first point of division on each side (A is the 
point in the half shown) gives the shape of lower part of roof. 
The line from first point of division on each side to too of semi¬ 
circle will give shape of top of roof. The top slope in sketch 
is from A to B. 



456 . The Mansard form of roof is very good where a story 
in the roof is needed. The truss is framed up on principles simi¬ 
lar to those described for other trusses. The eaves may be 
finished in any of the ways shown in sketches, Figs. 76 and 77. 
The walls are, however, generally carried up as parapets, as shown 
in Fig 88. 

Large roofs of curved form are now-a-days made almost 

without exception of 
steel, but roofs of orna¬ 
mental form for towers, 
turrets, small pavilions, 
•etc., may be built with 
economy, out of timber. 
These roofs are gener¬ 
ally hipped, and range in 
plan from rectangular to 
all sorts of polygonal 
forms, and in vertical 
section from semi-circle 
to ogee. The way to 
build them is as fol¬ 
lows :—The Hip rafters 
^ are cut to the curve re¬ 
quired out of timber 
which may be from 1J/2 
in. to 2 in. according to 
the length. If outside 
appearance only is of 
consequence, the under 
sides of rafters are left 
straight, so as to pre¬ 
serve as much strength 
as possible (see D, Fig. 
89) ; but when the inner 
side of roof is also to 
show curved, the curve 
must be cut on under 
side of each rafter as 
well. Intermediate 

rafters are cut with 




Fig. 89. 


























195 


AUSTRALIAN BUILDING PRACTICE. 


curves less flat (these curves should be properlv projected by 
geometrical methods), so that external edges of intermediate and 
hip rafters may, in each face, lie in the one plane of curvature. 
Some of the intermediate rafters will cut on to the hips as jack 
rafters, and the length of each will be part of curve of a full 
intermediate rafter. The sketch D, Fig. 8q, shows an intermediate 
rafter for a small roof of ogee external form, all with rafters 
coming to a point at the top. The rafters are generally covered 
with narrow boards on to which the metal or slate covering is 
fixed. The sketch is simply a diagram to illustrate the principle 
of construction, and the parts are not in proportion. 

STUD WALLS AND PARTITIONS. 

457. Framed or Stud Walls are constructed with up¬ 
rights of light scantling snaced at equal distances apart, and 
mortised into plates at bottom and top, with an outside covering 
of weatherboards, and an inside lining of either boards or plaster. 
The external covering is sometimes of shingles, and even slates 
or tiles are on rare occasions used. 


458 . Studs.—A sketch of a front view of part of skeleton 
of a stud wall is shown at A, Fig. 90. The studs may be either 



Fig 90. 
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oi 4m. x 2in. pine or 4in. x 2*^in. hardwood, and should he spaced 
i<SiiL centre to centre. Studs at corners should be square in cross 
section. Opening's (see Fig - . 90) for doors and windows are trim¬ 
med just as joists or rafters, but the tenon need only be a simple 
one. Wherever possible diagonal braces (H on sketch) should 
be put in. The braces may be 3m. x iin. in cross section, and 
should be housed in flush with outer edges of studs. 

459 Plates.—If supported on brick foundation walls the 
lower plates may be of 4m. x 3m., but if supported on piers, or 
piles, the cross section should be 51‘n. x 4m. Hardwood should 
always be used for lower plates. Brick piers to support plates 
should not be less than gin. x 9m. cross section. Tf piles are used, 
the diameter must be not less than 9 inches, and they should 
be coated with tar before being put in the ground. Capping 
pieces of galvanized iron should be put on tops of piles, as shown 
at R, sketch D, Fig, 90, before the plates are laid; but, if the 
foundation consists’of brick walls or piers, a slate damp course 
must be put in. The upper plates are usually 4m. x 3m. 

460 Weatherboarding is composed either of— 

(1) Feather Edged Boards, or 

(2) Rusticated Boards. 

461. Feather Edged Boards are about 1 inch thick at lower 
edge and diminished to about %. of an inch at upper edge, the 
width being 7 inches. See sketches of cross sections W B at C 
and D, Fig. 90. They are usually made out of hardwood (tallow 
wood and red mahogany being the best kinds for the purpose), 
but pine, both colonial and imported is also used. These boards 
should be fixed with a lap of i l / 2 inches, and only one nail put 
from each board into each stud, as shown in the sketches, Fig. 
90, so that shrinkage may take place without splitting. The 
lower external edges are shown sharp in the sketches, but there 
is no need to have them this way, for they may be either cham¬ 
fered or beaded if desired. A tilting piece should be nailed along 
plate to give the lowest board a bell cast as shown at D, Fig. 90. 

462, Rusticated Weatherboards. —A sketch, showing cross 
sections R B of this kind of board is given at E, Fig. 90. As will 
be seen, the lower edge of each is rebated to receive the top edge 
of hoard next underneath. The boards are 9 inches wide, and 
1 inch thick up to where the gradual reduction commences to form 
the top edge. Like the other boards they should have only one 
nail put into each stud. 

463. Rusticated Weatherboards are made out of Kauri pine 
or American redwood, the latter being much the best. Heading 
joints of all kinds of weatherboards should be broken. In the 
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case of these boards the lowest cannot very well be tilted, as 
shown at D, Fig*. 90, but to get the rain water clear the follow* 
ing arrangement is adopted:—A piece 6 inches deep, with its 
top edge the same, as those of rusticated boards, and a bottom 
edge about 2^ inches thick, with a drip groove, is nailed' with 
Sts bottom edge at the level of bottom of plate and its top edge 
fitted into the rebate of the lowest weatherboard. 

464- Method of Finishing Corners of Stud Walls.— 

A horizontal section of an external corner of stud walling is 
shown at B, Fig. 90. S is the corner stud which, as before re¬ 
marked, should be square. W R are the weatherboards over¬ 
lapping the stud for a little distance and stopped against vertical 
pieces (E and G) called stops. As will be seen, one stop over¬ 
laps the other, and is moulded so that an ovolo is formed at the 
angle. Fillets are generally nafled on inner faces of stud, as 
shown, to provide bearing and nail hold for laths or inside lining 
boards. An isometric sketch of finish of a weatherboard corner 
is given in Fig. 86, in which A is the corner stud and C one of 
the stops, B B being the weatherboards. For the method of fin¬ 
ishing internal corners see M, Fig. 89, in which S S S are the 
studs, W B the weatherboarding, and G the stop against which 
the weatherboards are butted. 

465 Methods of Finishing Heads of Openings in Stud 
Walls. — C, Fig. go, is a vertical section of the head of a door 
opening; M is the head which, as before noted, should be tenoned 
into adjacent studs as a trimmer; K is the jamb lining head; 
N the outside stop; and W B the weatherboards. With a view 
to keeping out the weather a lead flashing should be put behind 
the weatherboard and against the head, and should extend out 
over, and down face of stop for a little, as shown at L. A window 
(lead would be finished in the same way as regards the lead 
flashing. 

466- The Window Sills in Stud Walls to be properly fixed 
should be put in as shown at B, upper sketch, Fig. 87; that is to 
say, a lead apron should be put in over fillet on trimmer sill, and 
turned up a little at back of window sill. Care being taken 
that the apron is also turned up beneath ends of window sill and 
studs. As a rule, however, the lead apron is not put in, and 
indeed in the majority of cases the trimmer sill is left out al¬ 
together, the window sill being housed into studs. The latter 
way is very slipshod, and allows the ingress of the weather. The 
front of sill is (whatever the method of fixing) generally allowed 
to extend for some distance on to face of weatherboards. (See 
Fig. 86). 

467- Windows in Stud Walls. —A horizontal section of a 
box frame set in relation to stud W, and weatherboards WB, is 
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shown at F, Fig - . 90. As will be seen, the outer facing Q of box 
frame serves also as a stop for weatherboards and an outside 
architrave. 

468- Sides of Openings in Stud Walls are finished much 
the same as the heads, the omission of the lead flashing being the 
main difference, but it will be remembered that the weatherboards 
at the sides abut, end on, to stops or outside architraves. 

469 . Inside Linings of Stud Walls.--Stud walls are lined 
on the inside with either 

(1) Laths and plaster, or 

(2) Metal plates of ornamental pattern, or 

(3) Narrow thin lining boards. 

Of the first two kinds of lining the steel sheeting is far the 
best, for, not only is it fire resisting, but it is also not affected 
by shrinkage, as is plaster. The sheets are nailed to battens 
put on to suit. Lath and plaster work will be dealt with later on. 
The lining boards are generally >2 an inch thick and 4 inches 
wide with tongued and grooved edges, and are worked so as to 
show either a bead or a V joint at meeting edges when fixed. 
Lining boards may, however, be obtained 6 inches wide, and both 
the latter and the 4 inch boards can be got of greater thickness 
than y 2 inch if desired. L B at E, Fig. 90, shows sections of 
narrow lining boards. They are nailed with two nails to each 
stud. Heading joints should be broken. 

470 Stud Partitions. Stud walls are used in both brick 
and timber buildings and in roofs as partition or dividing walls. 
For such purposes the studs, plates and bracings are similar to 
those described in preceding articles on external stud walls, the 
main difference being that the lining, whether lath or plaster, 
boards or metal sheeting, is put on both sides. Stud walls and 
partitions should be kept at least 4^ inches, but if possible 9 
inches, clear of fire places and flues. 


BALCONIES AND VERANDAHS. 

471. A Balcony is a railed-in platform projected from the 
face of a wall, and supported by cantilever brackets, or consoles. 
In some cases balconies are formed of stone or brick in cement 
corbelled out, but, only those built of timber are to be dealt with 
here. The sketch at A, Fig Qi, shows section of a typical case of 
balcony construction. C L is one of the cantilevers which are 
either part of the floor joists extended out, or, are separate pieces 
put in through the wall and extended into the inner floor for some 
distance and well anchored with spikes to the floor joists. The 
cross section of the cantilevers at face of wall is about 9m. x 3m. 
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for a balcony, about 4 feet wide, and they are spaced about 36 
inches centre to centre. The cantilevers are generally cut and 
shaped somewhat like the one in the sketch, though of course, 
there is no rule to limit the design except that too much must not 
be cut away. Sometimes the cantilevers are put in rough, and 
the under surface of the balcony is formed with boarding nailed 
on to underside of the cantilevers. When this is done sham 
cantilever brackets or consoles of elaborate design are put under¬ 
neath for the sake of appearance. The joists are pieces, of small 
cross section, (about 3m. x 2in. or 4m. x 2in.) arranged parallel 
with face of wall and housed about an inch into sides of canti¬ 
levers. The joists should be put in so that when the floor boards 



are on, there will be a fall, from wall to front edge of balcony, to 
get the water off quickly. The joists being put in as shown in 
the sketch will provide for the floor boards being at right angles 
to face of wall. This is mentioned because sometimes the joists 
are omitted and the boards put on cantilevers and necessarily 
parallel to face of wall. This is a very bad style, for, the water 
will not run off across the longitudinal joints of the floor boards, 
even though a fall, by sloping the top edges of the cantilevers, be 
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provided for. Cornice mouldings, as at M, Fig. 91, are put 
along the front side of outer joist, in case of construction as 
shown, or (when the under surface is formed with boarding) along 
a fascia put on ends of cantilevers. In the style of construction 
shown, the edges of joists would be beaded or stop chamfered. 
The floor boarding would be tongued and grooved, and laid much 
the same as described in Art. 394 ante, but, if exposed on the 
under side, the under faces would also be dressed and the longi¬ 
tudinal edges beaded or V jointed; and in laying, the tongues and 
shoulders of joints should be white leaded. 

In the example shown the railing is of ornamental ironwork, 
which should be wrought rather than cast. The railing is, how¬ 
ever, very often composed of pieces of timber about 21*11. x 2in. 
in cross section, arranged to form some kind of pleasing pattern ; 
or, of balusters, as at B L, sketch C, Fig. 91. H R is the hand¬ 
rail, which (whether the under portion be of timber or of iron) 
is usually of timber. 

The joint (FL, sketch A, Fig. 91) of floor with walls in all 
cases of timber floor should be flashed with 5II). lead. Balconies 
are often roofed in, but this is done in the same way as hereafter 
described for verandahs, and so need not be touched on at this 
stage. 

472. A Verandah is a roofed space adjoining and at side, 
or sides, of a building to provide shade and protection from the 
weather and for use as a kind of outdoor sitting-room. The 
outer sides are generally left open. Properly speaking, the 
verandah is only of one storey, but with houses of more than one 
storey it is very common to have the verandah also a double 
storied structure. The verandah is an essential in Australian domes¬ 
tic architecture on account of the climate which renders shade to 
rooms necessary. Tt is, moreover, a feature which, if well designed 
and well constructed, adds much to the appearance of a house. 
The street verandah or awning used to cover the footpath in 
front of shops, and which is so common in Australian city and 
town architecture, is, however, another matter altogether, for it is 
very difficult to get a good effect with a structure so foreign to the 
old world styles of architecture used for the street fronts. The* 
trouble is intensified, too, by the very flimsy construction adopted, 
as a rule, for street verandahs. Shade for the shop front is, of 
course just as necessary as for rooms of private houses and, until, 
something better than the street verandah is evolved, it will have 
to be built; but, the construction should at least be good. Re¬ 
cently a very satisfactory method of constructing street awnings 
has been adopted. The roof is supported either by cantilevers 
projecting from the wall, or by inclined suspender bars, thus 
doing away with posts. 
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473. One Storey Verandahs. The sketch at B, Fig. 91, 
shows section of a verandah roof of lean-to form. The rafters (R) 
are supported with upper ends on a wall plate (WP), and lower 
ends on a beam or plate (P). The wall plate is usually 4m. x 2in. 
in cross section, is beaded or stop chamfered on exposed edges, 
and is bolted to the wall with bolts ^4 an inch in diameter, which 
are spaced about 36 inches apart. The outer beam or plate is 
generally about 9in. x 3m. in cross section, with beaded or stop 
chamfered lower edges, and carried on posts which are spaced 
at intervals of about 10 feet. In cases where there are no end 
walls of brick or stone, the plate is returned at the ends (as shown 
by the sketch), the joints at the corners being made with mitre 
and dovetail. Joints where necessary in the lengths of plates are 
made over bearings with the scarf shown at D, Fig. 65. Some¬ 
times a small plate or frieze rail, as it is called, is put about 12 
or 18 inches below the plate and its ends housed into the posts, 
the space between it and the upper plate being filled with turned 
balusters. Roofs of verandahs are exceedingly diversified in 
form, ranging from the simple lean-to to the ogee of pronounced 
curve. The form known as “bull-nose” shown in upper part of 
sketch C, Fig. 91, is very much used. In these cases of curved 
form the rafters are cut as required out of timber about 2 inches 
thick, and the purlins (PL) housed into their sides. In the very 
common work the rafters and battens or purlins are left out al¬ 
together, and the roof formed of corrugated galvanised iron in 
sheets (straight or curved as required) fastened at wall plate 
and outer plate; hip and valley rafters (if the roof is of a form 
to require such) only being put in. This is a style of construction 
which cannot be recommended, as it is very flimsy. The under sur¬ 
face of roof should be lined with boarding, put either on under or 
upper edges of rafters; if the latter way, the rafters must be 
planed and edges either beaded of stop chamfered. If tiles, 
which require fastening from under side, are used, the lining 
boards must be put on the under edges of rafters. Lining boards 
have been dealt with in Art. 469 ante. The ground floors of 
verandahs are either of stone slabs, concrete with upper surface 
of cement rendering, or paving tiles, or timber. If the latter 
the construction is the sanle as for other ground floors (see Art. 
378 ante) except that the joists must be parallel to wall so as 
to have floor boards at right angles to building, for the reason 
pointed out in the preceding article. The posts may be of iron 
or timber. If of the former, the wretchedly over-ornamented 
types of cast iron posts, or columns as they are called, which 
have become so common in Australian house-building, should be 
avoided, and a sensible design more in keeping with the nature 
of the material, adopted Timber is, however, under ordinary 
circumstances, the most suitable for verandah posts, for even 
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when worked so as to be ornamental, this material is the cheap¬ 
est. Verandah posts of timber are made out of pieces ranging* 
from 4in. x 4m. to 8in. x 8in. in cross section, about 5m- x 5m. 
being the size most generally used for verandahs of ordinary 
houses. The top of post is generally cut out to allow of plate 
passing through it. In the plainest designs they are simply 
planed up and stop chamfered on the edges. The general prac¬ 
tice is, however, to have them with portions of their length turned, 
circular, with plain cylindrical or vase shaped intervals, and 
mouldings; the lower and too parts, and such portions as may 
receive abutments of handrails being left square. A better treat¬ 
ment, but of course more expensive, is to cut the mouldings and 
curves in on each side as shown in upper part of post in sketch 
hig. 69. As far as possible all mouldings and other ornamenta¬ 
tion should be cut into, and not planted or fixed on to the post, 
so that the weather shall have as little ooportunity as possible to 
cause decay. In this respect the verandah post is different to the 
storey post described in Art. 376 ante, for the storey post gene¬ 
rally carries a heavy floor or wall, and there is consequently a 
reason for not reducing the cross section in any way. More¬ 
over, the storey post is generally inside, whereas the verandah 
post is not heavily weighted, and is exposed to the weather. It 
must be mentioned, however, that the above reasons, notwith¬ 
standing, cap mouldings planted on, as shown at C P, sketch C. 
Fig. 91, are very commonly used. Brackets made of timber 
about 2 inches thick and something like the form shown at B T, 
sketch B, Fig. 91, are sometimes put in the angle between upper 
part of post and plate. Timber verandah posts are illustrated 
ar C, sketch B, and at L C and U C, sketch C, in Fig. 91. In rare 
cases verandah roofs are supported by brick or stone piers, either 
extending up to the plates, or carrying arches, and in most cases 
with the best possible results both constructively and aesthe 
tically. 

474- Two Storey Verandahs. — Structures of this kind are 
much used in houses of more than one storey. The construction 
is much the same as that described for the one storey verandah 
in the last article: the chief difference being the addition of a first 
floor, which is put at or about the level of the first floor of the 
house. This floor is composed of bearers, joists and flooring 
boards, and the whole is supported by a beam, or “lower plate,” 
as it is called. The lower plate is generally about 12m. x 3m. 
in cross section, and is worked and jointed in itself, and at posts 
and at angles in the same way as described for plates of one 
storey verandah. The bearers vary in cross sections from 6in. x 
3in. for 6ft. wide, according to the width of the verandah. I bey 
are spaced apart at distances ranging from 36 to 48 inches — one 
end bearing j n wa ll, and the other housed into top of plate — in 
each ca.se they should fall towards the plate to allow for fall of 
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flooring*. As a rule, the bearers are left exposed, and are planed 
up, and the lower edges stop chamfered or beaded, the ends being 
cut, as shown in the sketch, or covered with a fascia and mould¬ 
ings. Sometimes, however, they are left rough, and a ceiling of 
lining boards is put on to their lower edges. In the case of the 
latter, intervening ceiling joists are required, as the bearers 
would be spaced too far apart to carry boarding. In some cases 
panelling is put on as ceiling. The floor joists (J) and flooring 
would be as described in Art. on balcony floors, but the joists 
would not be less than 4111 x 2in. in cross section. 
The two storey verandah is sometimes called a verandah and 
balconv, but this is hardly a correct term, for the upper part does 
net answer the d finition of a balcony The floor boarding would 
be of similar description, and laid in the same way as described 
in Art 471 ante for balcony floors. In the example sketch C, 
Fig. 91, a small cornice moulding (M) is shown put along outer 
face of outer joist and under outer ends of floor boards. A 
railing either of timber, or of iron work, is put round between 
the posts. In the example shown the railing is formed of 2in. 
x 2in. turned balusters (B L) spaced about 2 inches apart, with 
a timber moulded handrail (H R) on top. The roof 
would be the same as for a one storey verandah, all the parts 
being called by the same names as in Art. u.73 ante, except the 
plate which is known as an upper plate (U P), to distinguish 
it from the lower plate (L P). 

475 . Timber for Balconies and Verandahs must not only 
be able to stand exposure to the weather, but, also must be cap¬ 
able of being easily dressed, for as shown in the preceding Articles, 
the timber work of these structures is nearly all planed and 
otherwise worked. The following is a list of timbers which are 
suitable for the various parts, but, of course, the questions of 
supply and cost govern this matter to a large extent, and for 
these reasons local timbers are often used, the fact notwithstand¬ 
ing that they are not the best for the purpose. 

Ground Floors: Any good hardwood. 

Upper Floors : Colonial Beech, Tallow-wood, Oregon, 
Colonial P'ne. 

Bearers and Joists: Colonial Beech, Tallow-wood, Ore¬ 
gon, Colonial Pine. 

Flooring Boards: Colonial Beech, Tallow-wood. 

Posts: Colonial Beech, Tallowwood. 

Plates: Oregon Pine, Colonial Pine. 

Rafters: Oregon Pine, Colonial Pine. 

Mouldings , Fascias, Hand¬ 
rail, Bolsters, etc. 
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C olonial Beech, American Redwood, Oregon 
Pine, Baltic Pine, Colonial Pine. 

N.B.—Hardwood may be used for plates and rafters, but 
the pine timbers are the best. 

FENCING AND GATES. 

476 - Fencing* may be divided into four kinds as follows:— 

(1) (a) Split posts, rails, and split palings, 

(b) ., „ „ sawn 

(2) Sawn posts and rails, and sawn palings. 

(3) Dressed posts and rails, and picket battens. 

(4) Ornamental fencing. 

477 Split Post, Rail, and Paling Fence This is a very 
rough, but nevertheless, very durable and serviceable kind of 
fencing. The posts (about gin. x 6in. in cross section corner 
posts being gin. in diameter) and the palings (about iin. thick 
and from 4 to 6in. wide) are simply pieces split from the tree. 
The posts are sunk from 30 to 36m. into the ground and spaced 
from 8 to 9ft. apart, and the rails, of which there are generally 
three tiers, are tenoned into them as shown at A, Fig. 92, which 
illustrates a fence of this kind. The palings, of which some are 
shown in position in the sketch, are nailed with two nails into 
each rail. The lower ends of the post should be charred prior 
to being put in the ground. The (2) kind is the same as above 
with the exception that the palings, instead of being split, are 
sawn pieces ranging from 4 to 6 inches wide and about Va of an 
inch thick. This makes a better looking fence. A safeguard 
against the palings being easily knocked off, is provided in the 
form of galvanised iron-hoop bands nailed along on the outside 
of the palings at the level of the rails, and passing through the 
mortises in the posts, the width and gauge of the iron hoop being 
about i%in. and 16 respectively. Whether the palings be sawn 
or split, they should be fixed so that the tops make a continuous 
and perfectly level line. Sometimes where it is only a question 
of fencing in a paddock for cattle, or a field, the palings are 
omitted and the fence consists of posts and rails^ only. Again, 
in the case of the latter style of fencing being adopted, it is not 
an unusual thing, to thread lines of 6 gauge galvanised iron 
wire through the posts at levels midway between the rails, the 
wire being strained as tightly as possible. 

478. Sawn Post, Rail, and Paling Fence.—In this kind 

the timber is all from the saw mill. The posts may be from 5m. 
x 3in. to 6in. x 4m. in cross section, corner ones being square; 
the sinking into the ground and the spacig part beig about the 
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same as for split fencing. The rails, of which there should be 
three tiers, are either 3m. x 2in. or 4111. x 2in. in cross section 
and they should be neatly tenoned into the posts as shown at B,. 
Fig. 92. In this kind it is advantageous to have the rails long 
enough to pass two spaces, and to arrange them so that the joints 
(which, of course, come at the mortice in the posts) will be 
broken, that is to say, two joints at one post, one joint at the 
next, two again at the next, and so on. It is necessary in this 
kind of fencing to tar the ends of the posts which are to go into 
the ground. The palings may be as described in last article, 
i.e., pieces 4 to 6 inches wide and about Min. thick, or they may be 
composed of feather-edged weatherboards, the later kind being 



Fig. 92. 


very suitable for fences enclosing spaces about houses, on account 
of the privacy which they secure, there being no crevices as in 
the case of sawn palings. The weatherboards should be fixed 
vertically with a lap of about iMin., and only one nail from each 
board into each rail. It is difficult to get sawn palings 
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thoroughly seasoned, consequently they shrink in the width after 
being put ud and ugly spaces or crevices occur. To guard 
against this it is a good plan to nail the palings temporarily, i.e., 
secure them without driving the nail right into position, and 
allow them to remain for some time to give them a chance to 
shrink after which they can be removed and re-fixed close 
together. 

479. Picket Pence.— In this kind the posts are about 4m. 
x 4in. in cross section, planed on the surface, with the edges top 
chamfered and the tops ornamented with turnery, or caps, sunk 
about 2ft. 6in. into the ground, and spaced about 8 or 9 feet apart. 
There are only two tiers of rails, the cross sections of which latter 
ranges from 31*11. x 21*11. to 4m. x 2.in., or triangular 5 j 4 in. x 4m. 
x 4in., the later being called “arris” rails. The rails are planed 
un on all faces and tenoned into the posts. In the case of an 
arris rail the large face is put for nailing to. The pickets are 
battens 3m x 1 in. in cross section, planed up on all faces, finished 
with rounded or turned heads, and nailed to rails so as to be 
about 2in. apart. See sketch 'C., Fig. 92. 

480- Heights of Fences are as follows:— 

Split post and rail fence 5 feet. 

Sawn post and rail fence 6 feet 
Picket fence . . . . 4% feet. 

48T Timber for Fencing The various kind of hardwood 
not'ced in Arts. 279 to 304 ante make excellent material for posts 
and rails. The sawn palings should, however, be of tallow-wood 
or black butt. The weatherboards should be of tallow-wood, 
red mahogany, or blackbutt. 

482- Gates An ordinary gate, for an opening about 7 feet 
wide, such as is used for a vehicle entrance in a fence, is shown at 
E., Fig. 92. As will be seen, it is composed of two frames or 
leaves, each of which is composed of two vertical side pieces, two 
cross pieces, a diagonal brace, and a covering or sheeting of 
batten pickets. The vertical side pieces and the cross pieces are 
called stiles and rails respectively. The rails should be tenoned 
into the stiles, and the joints white leaded, and secured with 
wedges and pins. When the pickets are nailed on, their outer 
faces should be flush with outer faces of stiles. To accomplish 
this, the rails and braces are made less, by as much as the thickness 
of the pickets, than the stiles. To obtain the greatest good from 
the braces, they should be put in so as to go upwards from the end 
of lowest rail nearest to the post on which the leaf is hung. The 
two centre or meeting stiles should he rebated and beaded to fit 
each other as shown by cross section at H, Fig. 92. Sometimes, 
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instead of working the rebates and beads on the stiles, stop beads 
are nailed on so as to serve the same purpose. The sheeting or 
covering of the leaves may be 4m x iin. or 6in. x iin. T and G 
and B (or V jointed) boards instead of the pickets shown in the 
sketch. 

483. The Posts to which the gates are hung should be stif¬ 
fened at the ends in the ground by being tenoned into horizontal 
cross pieces, or sole plates, and braced with struts as shown in 
the sketch E, Fig. 92. The depth of the posts in the ground 
should not be less than three feet, and, like fence posts, this sub¬ 
merged part should in every case be well coated with tar. A 
piece, called a sill, should be put in at level of bottom of gates 
between the posts as shown in sketch. The best kind of hinge 
for suspending the leaves is that known as a “hook and eye 
hinge,” illustrated at F, Fig. 92. 

484. The following are the sizes generally adopted for the 
various parts of the gate shown at E, Fig. 92:—Stiles, 4m. x 3m.; 
rails, 41'n. x 2111.; braces, 4m. x 2in.; pickets, 3m. x iin.; posts, 
Bin. x Bin.; sole plates, Bin. x 4m.; struts, 4m. x 3m.; sill piece, 
9in. x 6in. 

485- Small Gates in one leaf for openings about 3 feet wide 
are called “wicket gates.” One is shown at G, Fig. 92. In this 
case the stiles and rails would be about 4m. x 4m. in cross section; 
the lower panels being filled with 4m. x iin. tongued and grooved 
beaded boarding placed diagonally and held in grooves; the 
upper part being filled with 2in. x 2in. turned balusters housed 
at bottoms and tops into the rails; and the top rail being sur¬ 
mounted by a moulded capping piece. As a rule, however, 
wicket gates are made just as one leaf of the double gate described 
in Art. 482 ante. 

486. Timber for Gates should be as follows:—Posts: Hard¬ 
wood of good quality such as ironbark, tallow-wood, red or white 
mahogany, grey or red gum, and turpentine. Leaves: Oregon 
pine, baltic pine, or where these cannot be got, good colonial 
pine. 

487- The Gate shown at G, Fig. 92, is a very plain example 
and necessarily cannot be taken as representative of the field of 
variety in style open to the designer, but, as far as the principles 
of construction are concerned, the plain example is fairly typical 
of gate structures, for the difference is mostly in the matter of 
ornamentation. 

488. Joinery Work.— The timber work described in Arts, 
359 to 487 in this chapter has been chiefly what comes in ordinary 
classification under the head of Carpentry; the exceptions (such 
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as finishing of eaves, skylights, lanterns, ventilators, barge boards, 
ornamental parts of verandahs and balconies and gates) being 
cases of work which, strictly speaking, belong to joinery, but 
which have been dealt with on account of the advantage of des¬ 
cribing together, parts closely related. It is well nigh impossible 
to draw any distinct line of division between the two classes of 
work, because one trenches into the other to a great extent, and, 
as a matter of fact, they are both included in the one trade. As 
stated at the commencement of this chapter (see Art. 358), Car¬ 
pentry consists of the parts essential to stability, while the Joinery 
embraces the more delicate, though not necessarily more skilful, 
work of making and fixing doors, windows, stairs, and such fit¬ 
tings. So far, this is perfectly correct, but in a detailed des¬ 
cription of the two classes it is not so easy to distinctly classify. 
To illustrate the difficulty, take the case of a roof, which is, as be¬ 
fore stated, a work of Carpentry, blit the workmanship required to 
finish some of its parts, such, for instance, as barge boards or 
skylights, is often of a kind which may be rightly held to belong 
to joinery. To simplify the description such parts have been 
noticed as occasion demanded during the description of the Car¬ 
pentry work. Work, which, according to the usual definition 
comes under the head of joinery is dealt with in the remainder 
of this chapter. 

GENERAL IN REGARD TO JOINERY WORK. 

489. Finish of Joints in Joinery Work.— In all kinds of 
timber work the parts of the joints should be made to fit with 
accuracy, so as to ensure strength; but in Carpentry the joints 
need not be made with the extreme neatness of workmanship 
which is necessary, for the sake of appearance, in Joinery. In 
the latter class of work the joints which are intended to remain 
tight up, should be made so that the junctions are perceptible 
only by the difference of grain of the pieces joined. 

490- Glue for Fastening Joints. Many of the joints in 
joinery work, not exposed to the weather, are fastened with glue, 
This substance is a gelatine obtained by boiling to a jelly the skins 
and hoofs of animals. The process of manufacture briefly des¬ 
cribed is as follows:—The materials are first placed in a lime 
pit, and after being well steeped are washed and placed on frames 
to dry, after which they are boiled down to the consistency of 
jelly. The jelly is then strained and allowed to stand for a time 
so that impurities not removed by the straining may settle to the 
bottom. The clarified portion is then boiled a second time, and 
further clarification is accomplished by settlement, and by the 
addition of chemicals. It is then run off into coolers about 6ft. 
long, 1 ft. wide, and 2 ft. deep, in which it becomes a firm jelly. 
It is then cut up into square cakes, and sliced into thin pieces, 
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which are placed on nets to dry. After some time the slices are 
removed to lofts, where the final degree of hardness is reached. 
The best kind of glue is hard and brittle, of a light amber colour 
and nearly transparent. When placed in water it swells con¬ 
siderably, but should not dissolve; and should return to its 
original size when re-dried. The method of preparing glue for 
use is as follows:—The glue is broken up into small pieces and 
steeped, in as much water as will cover it, for about 12 hours. 
It is then, melted in a proper glue-pot, care being taken that the 
outer vessel is filled with water so as to prevent the temperature 
in the inner one being raised above the boiling point of water, for, 
if the glue is burnt, it becomes useless. The glue should be applied 
as hot as possible to the timber, and a minimum amount only 
should be used, as an excess reduces the strength of the fastening. 
Considerable attention should be paid to quality and pre¬ 
paration of the glue used in such framed work as 
doors, sashes panelling, etc., for upon the glue 
fastening depends the firmness of the joints. Glue may be made 
capable of resisting moisture, and, consequently, of use for joints 
exposed to the weather, or, to water, by putting a small quantity 
(about 1/50 of the quantity of glue) of bichromate of potash in 
the water which is used for preparing. 

491. Finish of Surfaces.— The exposed surfaces in joinery 
should be finished by being brought to a perfectly smooth state, 
and free from plane and other marks by the use of'glass paper. 
The latter is paper faced with pulverised glass, and is supplied 
in different degrees of coarseness, ranging from No. o, the finest, 
to No. 3, the coarsest. 

492. Framing is the term which in joinery is more particularly 
applied to constructions composed of vertical pieces and horizontal 
cross pieces with intervening spaces filled with boards. The out¬ 
side vertical pieces, or “stiles,” are always in one piece from bot¬ 
tom to top of frame, and are mortised to receive tenoned ends of 
cross pieces, or “rails,” and the boards or “panels” are secured 
by being let into grooves made in the stiles and rails. Vertical 
pieces, other than those of outside edges of frame, are put in 
between and tenoned into the rails. Particularly dry timber 
must be used in framed work, but, even so, the scantling of the 
timber should not be too great, as the smaller the cross section 
of stiles and rails the less the liability to shrink and the better the 
work. The tenons are, for inside work, always secured with 
wedges and glue. The panels should fit fairly tight, but, provi¬ 
sion should be made for exoansion and contraction, and they 
should not be fastened with nails or glue. Framing should always 
be put together loosely, and allowed to stand for some time before 
being permanently tightened and glued. 
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493. Plugs. — Pieces of joinery work, such as linings, 
skirting boards, architraves, etc., are fixed to walls by nailing to 
plugs, which are pieces of cedar or Baltic pine, slightly wedged 
shaped, about 3/8in. thick, and about 2in. wide, driven tightly into 
the joints of the brickwork or masonry at distances apart of not 



Fig. 93 - 


more than 18 inches. An example of a plug is shown at P, in 
Fig. 96. In some cases slips of cedar, the thickness of the 
joints, are put in as the wall is built; this is done to 
avoid the chances of damage to the walling by the 
driving of the plugs. In superior work grounds are 
fixed to serve as foundations for the linings, etc. Grounds are 
pieces of timber (usually Baltic pine) nailed, to plugs, and 
arranged so that their outer faces shall be flush with the finished 
face of the plaster (see GL, sketch E, Fig 94.). The edges 
next the plaster are bevelled so as to form a key for the latter. 
Sometimes a groove is formed in the edge for the same purpose, 
the pieces of timber for grounds are made the same thickness 
as the plaster work, and of a width to suit the requirements, 
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which, it may be mentioned, rarely render necessary a greater 
width than 4 inches. Where very wide grounds are required 
they are framed up out of pieces about 3 inches wide. Both 
plugs and grounds are put in before the commencement of, and 
serve as guides for the finish of the plastering work. Conse¬ 
quently the greatest care has to be taken that the heads of the 
plugs and the faces of the grounds come up to one vertical plane, 
and that the outer edges of the grounds are plumb. 

494. Firring is the name given to the strips of wood put on 
to level up to a fair surface. An example of the use of this 
“firring,” or “packing,” is the case of the forming of a ceiling 
with lining boards. It often happens in a work of this kind that 
the edges of some of the joists instead of being quite straight, 
are concave, and require to be pa’cked up with strips of wood to 
the same plane as the straight ones, so that the surface of the 
ceiling shall be free from hollows. 

495. Cradling. — W hen a girder, for instance, is to be covered 
with a casing of boards, or panelling, or with plaster work, rough 
framing consisting of pieces of timber 2in, x 2in. in cross section 

TABLE XXX. 

Giving names and particulars of mouldings shown in sketch, Fig. 75. 


Distinguishing 
in Sketch. 


A 

B 

C 

D 


E 

F 

G 

H 

I 

J 

K 

L 

M) 

N l 

0 I 

P J 

R 

S 

T 

U 

V 


Letter 


Name. 


<fec. 


Fillet: Generally used with other members. 
Astragal: Usually called a bead. 

Torus: Composed of bead and fillet. 

Quirk Bead: Used for edges of tongued and 
grooved boards, etc. 

Double Quirk Bead: Called a returned bead. Used 
for corners. 

Reeding: A number of beads together. 

Cavetto : As a rule this is called a Scotia. 

Scotia: This is. the proper form. 

Ovolo, or quarter round. 

Fluting. 

Cyma Recta or Ogee. 

Cyma Reversa, or reversed ogee. 

Forms of Gothic Mouldings. 

Sunk Moulding for Panels. 

Bolection Moulding, also for Panels. 

ouldtnc suitable for transoms, capping, etc. 
Nosing: Used for edges of stair treads, window 
boards, etc. 

Chamfer: Much used for edges of all kinds of 
timber work. 


are built at intervals round its sides and bottom to carry the 
casing boards, or laths for plaster, as the case may be. This 
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framework is called “Cradling,” which may be briefly defined as 
a supporting framework for casings of girders or columns, plaster 
work of heavy cornices, and ceiling, coves, etc. 

496- Mouldings are continuous straight (or curved) lines 
of projecting (or recessed) plane and curved surfaces used for 
decorative purpose in building work. Each style of architecture 
has its own peculiar kinds of mouldings, and the design of these 
parts is a very important branch of architectural study, and a 
subject quite beyond the scope of these articles. But, as the 
common forms of moulding are necessarily very often referred 
to, especially in the articles relating to joinery, it is hardly possible 
to avoid giving a few particulars, consequently some cross sections 
or “profiles” of the principal members of the classic mouldings, 
together with a few of Gothic and Modern style are given in Fig. 
93 * So, to be as brief as possible, the names and other par¬ 
ticulars are given in table XXX. Timber mouldings are generally 
run by machinery, but require to be finished with hand planes, 
and should be well sand-papered so as to bring the edges per¬ 
fectly straight and the surfaces smooth. 

DOOR OPENINGS. 

497, The subject of door openings can be most conveniently 
dealt with under the following heads, viz.:— 

(a) Frames, and the finish round them. 

( b ) Doors. 

498 - (a) Frames are either “solid,” or what are called 
“Jamb Linings” 

499. Solid Door Frames are used for external door 
openings, and are so called because the head and upright side 
pieces are of stout scantlings and do not require stiffening sup¬ 
port, that is to say, they are stiff enough in themselves to form a 
frame which onlv requires support to keen in place. A front 
elevation of a solid frame is shown : n sketch A, Fig. 94. The side 
pieces (S) are called “Stiles,” and the top piece (H) the head, 
In the frame shown provision is made for a fanlight or sash, 
over the door, the cross piece (T) separating the door from the 
fanlight being called a “Transom.” 

500 . The Sketches, B, C, and F, Fig. 94, give details connected 
with the construction and finish of solid door frames. The stiles 
are tenoned into ti e heads as shown at T.N., sketch B, Fig. 94, 
and the joints are pa : nted with white lead paint, wedged (as 
shown at H, Fig. 66), and well spiked. As shown by sketen 
15 , Fig. 94, the ends of head pieces are allowed to extend for 
some distance past the stile so that the wedging of the tenons may 
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be done. These extended portions are called “Horns.” In 
cases where the door-frames are flush with the inside surfaces 
ot walls (see sketches B and C) the ends of the horns are cut 
on the bevel with a view to providing, on the principle of the 



dove-tail, a good hold in the wall. The feet of the stiles are 
finished with a tenon (as at D.L., sketch B, Fig. 94), which is 
let into a mortice cut in the stone door-step. An alternative 
method of fastening the Ret of stiles into the step is to have 
a metal dowel passing from foot of stile into the step. (See dowel 
joint X, Fig. 66). In the sketches B and F, Fig. 94, the rebates, 
R,R.R, into which the doors and fan-lights fit, are cut out of the 
timber of the styles, heads, and transoms. When this is done 
the outer edge of the frame, which projects a little out from the 
masonry or brickwork reveal, is beaded as at sketch B, or 
moulded as at sketch F. In some cases, however, the rebate 
is formed by planting on a “stop piece" of pine about F?in. thick, 
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beaded on outer edge, and put so as to cove the joint of the 
frame and reveal, as at ST, sketch C, Fig. 94. 

501. Transoms.- As before marked, a transom is a cross 
piece put in between head of door and bottom of fanlight, when 
the latter is to be provided. Transoms are either plain beaded 
as at T, sketch B, or moulded on outer face, as at T, sketch D. 
As a rule, they are rebated for head of door, and bottom of 
fanlight, as shown in the sketches. Sometimes, however, the 
rebate for the fanlight is omitted—the top being simply bevelled 
upwards.. Transoms should have their ends tenoned, and wedged 
into the stiles. 
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502. Solid Frames are put in Position when the door-steps are 
set, and the masonry or brickwork is then built up round them. 
In cases where the frame is in the middle of the thickness of the 
wall, as at sketch F, Fig. 94, the building in of the horns of the 
head, and the tenoning of the feet of the stiles into the steps, 
provides for ample security. When, however, the frame is to be 
flush with the inside of the wall, as at B and C, Fig. 94, it is 
wise to provide some additional means to hold the frame in. The 
usual way is to nail two or three cleats, of 1 in. x Tin. in cross 
section, and about 15 inches long, at intervals at the backs of the 
stiles. The bricks when being built up are cut so as to fit round 
the cleats. A portion of a cleat is shown at CL, Sketch C, Fig. 
94. Another very good method is to put bolts through the 



Fig. 96. 
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stiles—the heads being cut in flush with face of stile and the 
shanks extending out so as to be built into the wall. At least, 
two bolts should be put from each stile. It is necessary in every 
case to build a relieving arch ( see Fig. 55 ) above the head of 
door frame so as to have as little weight on it as possible. 

503 Lining boards in connection with solid Frames in 
External Walls. -When the door frame is put in, or near, the 
centre of a thick wall, as at F, Fig. 94, the space of the jamb 
from the inner side of frame to inner surface of wall requires to 
be covered by what are called linings. These are pieces of board 
(V), Sketch F, Fig. 94, planed up and secured by being tongued 
into the stiles and head of frame and nailed either to grounds or 
plugs. 

504. Sizes of Solid Door Frames.— For walls 9 inches 
thick, the width of the stiles should be from the reveals to the 
face of the plaster, which, allowing for Z A of an inch of plaster, 
would be 5 % inches; and the thickness (to suit the best bond for 
the brickwork, see Art. 150 ante, and Figs. 46, 47, and 50, on 
reveals and jambs) without the stop, should be equal to half a 
brick. Attention to the above considerations would give stiles 
5 3 /4 inches wide by 5 inches thick, with a rebate V2 an inch deep. 
As a rule, however, in ordinary work, the thickness is made 3 
inches, and the bond of the walling broken to suit it. The size of 
the head is generally made the same as that of stiles. In large 
openings the sizes are made considerably greater than given 
above. 

505. External Door Frames are often made with Curved 
heads, the form of the curve being either semi-circular, segmental, 
semi-elliptical or gothic, as the style of architecture may be. In 
cases of this kind the head is cut out of solid timber in two or 
more pieces, according to the size of the opening, and these pieces 
are joined together either by tenoning, and pinning, or by means 
of the end butt and keyed or bolted joints described in Arts. 373 
and 374 ante. The whole head so formed is fastened to the stiles 
in the same way that the pieces are jointed, or by halving and 
screwing. Sometimes a style of construction is adopted for ex¬ 
ternal openings, by which means the outside shows curved while 
the inside remair.s square headed. The sketch A, Fig. 96, shows 
a corner of a frame of this kind. It will be seen that the frame 
is made with a straight headpiece (H) just as in the ordinary 
frame, the curves being formed by solid pieces which are of a 
thickness to extend from rebate to outer edge of frame. These 
pieces are arranged so as to meet at the centre of the head piece, 
and are housed into the latter and into the stiles. As will be 
seen by the sketch the curve springs from flush with face of 
stile, and extends to flush with centre of head. The arch marked 
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AR in the sketch is built flush with, and following the curve 
formed by these pieces. It is the general practice to extend a 
planted pine stop, ST (bent as required by steaming), round the 
soffit formed by these pieces, as shown by the sketch. But some¬ 
times the pieces are made to project the required distance, and 
are carefully planed up, and beaded on outer edges, so as to be 
the continuation of a stop worked in the solid on the stiles. The 
doors or fanlights for such frames would be made with the heads 
actually square to fit the rebate, but the heads of the panels (on 
the outside at least) would be made to suit the curve (see R, Fig. 
96, which is a sketch of one leaf of a door for such a frame), while 
fanlights would be made with the opening for the glass also to 
suit the curve. 

506 , Timber for Door Frames. — The following are some 
timbers useful for this purpose:— 

(a) Hardwoods: — Tallow-wood, Red Mahogany, Grey 
Gum, Jarrah, Forest Red Gum. 

(b) Timbers or the Soft and Figured Class:— 
Cedar. Colonial Beech, Rosewood.. 

(c) Pine Timbers: —Oregan Pine, Colonial Pine. 

Those in italics are especially suitable. 

507 Jamb Linings, —The timber linings used to finish the 
jambs and soffit of a door opening in an internal wall, and to hang 
the doors to, are called Jamb Linings. This name is indis¬ 
criminately given to all linings and jambs of windows, and also 
to inner jambs of external doors as at V, sketch F, Fig. 94. The 
linings of internal doors are, however, generally known specially 
as jamb linings, the others as linings. A portion of an ordinary 
jamb lining for an internal door opening in a 4^2 inch or 9 inch 
wall is shown at JL, sketch D, Fig. 94. The upright pieces are 
called Jambs , while the cross piece or head is known as the 
Soffit. The thickness usually adopted for jamb linings of this 
kind is 1 J /2 inches, and, as will be seen by the sketch, they are 
made just wide enough to have the outer edges flush with sur¬ 
faces of plaster on each side of the wall. Though a rebate for 
the door to fit into is only needed on the edees of one side, it is 
usual to put a rebate, for the sake of appearance, on the other 
edges as well. The sketch D shows a double rebated jamb. The 
jambs are tongued into the head as shown by small sketch D, 
Fig. 94; and the whole frame or lining is secured in place, before 
the plastering is done, by nailing the jambs to cedar olugs, and 
the soffit to the wood lintels under the relieving arch at the head. 
In the sketch D, Fig. 94, the portion of a transom at its junction 
with the jambs is shown. The transom would be secured by 
tenons into the jambs. In the case shown by D, Fig. 94, the 
preparation of the rebating above the transom would be for a 
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Fig. 97. 


fanlight to hang with hinges at bottom or top. If the fanlight 
is to hang on pivots the portions of jambs above transom must 
not be rebated, or the rebate, if made, must on each side be filled 
up with a lath. The necessity for this will be obvious, for if 
the fanlight is to swing on its centre it must be made of the width 
betwen the thickest part of the jambs not of the greater width 
between the rebates. For the same reason either the rebate at 
head of frame, or that at top of transom, must be omitted. 

508, When the openings are in walls of greater thickness 
than 9 inches, the jamb linings should be composed of framing, 
as linings of great width are apt to warp and snlit. A bit of 
framed jamb lining is shown at JE, Sketch E, Fig. 94. Each 
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jamb and soffit would be framed up wit h stiles, rails, and panels, 
as shown by the portion in the sketch—the height of 
panels and the mouldings being the same as in the door. 
Framed jamb linings are almost always double rebated. In superior 
work the jamb linings are not fixed until after the plastering has 
been completed, but the grounds GL, sketch E, Fig. 94, which 
are also to provide a precise foundation and a good fixing for the 
jamb linings, are put up before the plasterer commences, so as 
to give him a guide for his work. 

509. It may be mentioned that the external doors in stud 
walls ( see Art. 465 ante) are generally hung in jamb linings. A 
method of forming an external door opening in stud walling is 
shown at sketch C, Fig. 90, in which is the section of the head— 

K being the soffit of the lining. 

510- The following timbers may be used for jamb linings:— 
First Class, or Polished, or Varnished Work.—Cedar, Black¬ 
wood, Rosewood, Red Bean, Colonial Beech, Onion Wood, and 
others of those mentioned in Arts. 305 to 324 ante. 

Ordinary or Painted Work.—Baltic, Kauri, Oregon,, 
or Colonial Pine. 

In cases where the joinery work is to be painted, the jamb 
linings are generally made out of either Kauri, Oregon, or 
Colonial Pine. 

511. Finish Round Door Openings.— In public buildings, and 
houses of superior construction and finish, the door openings are 
often finished in a very elaborate manner. Pediment’s or over¬ 
doors, supported on pilasters or columns of elaborate design, are 
used to embellish the openings, and every advantage is taken of 
the opportunity to make a feature in the internal effect. But this 
class of work, if only on account of its varied character, is heyond 
the scope of these articles, and only the ordinary methods of 
finishing a door opening can be dealt with. 

512. The usual method of finish is to put pieces of timber 
moulding up the sides and over the head of the opening. These 
mouldings (called architraves) are nailed to edges of jamb 
linings, and to wood plugs or grounds, and cover the joint between 
plaster and jamb lining, as shown at AR, in sketches D and E, 
Fig. 94 . Sometimes, however, the architraves are simply pieces 
of board about 1 inch thick, with stop chamfered or beaded 
edges—an example of the latter being shown at W, sketch F, 
Fig. 94 . Moulded architraves are mitred at upper corners, but 
those with stop chamfered edges are generally overlapped and 
halved at top angles, after the style of an Oxford picture frame. 

513, Incases where the skirting is thicker than the archi¬ 
traves a block, as at BL, Fig. 97, must be nut to form a stop. 
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The blocks are, however, sometimes adopted, for sake of appear¬ 
ance, where not really necessary. In any case their use may be 
recommended, for if carried down to the floor, the mouldings of 
the architraves are likely to be damaged during sweeping opera¬ 
tions. Architraves are made upwards from about 3 inches wide 
by 1 inch thick, but fn ordinary work they rarely exceed 6 inches 
wide by 1 y 2 inches thick. When the architrave is so formed as 
to have one large plane surface back from another, as shown at 
AR, Fig. 97; it is called double-faced. In such cases the thick¬ 
ness of the architrave varies very much, and in order to avoid 
the labour of sinking in the solid, and also to ga : n the advantage 
of having small pieces of timber instead of one large piece, it is 
made in two pieces, which are joined together with tongue and 
groove and glued. A double-faced architrave built up with two 
pieces of timber is shown at AR, Fig. 97. Architraves should 
on no account be fixed until after the plastering is finished. The 
timber for architraves may be, in cases where the work is to be 
painted, either Redwood, Baltic or Oregon, or Colonial Pine — 
the former being the best to use. In polished or varnished work 
the timber for the architraves is made to match the jamb linings. 
(See Art. 510 ante.) 

514. (b) Doors. The various kinds of doors may be clas¬ 
sed under three heads as follows: — 

(1) Ledged and Braced Doors. 

(2) Framed „ ,, 

(3) Framed and Panelled Doors. 

515- Ledged and Braced Doors. — Doors of this kind are 
made with boards about 6 inches wide and 1 inch thick, arranged 
vertically and nailed to cross pieces called Ledges, the whole 
being stiffened with diagonal pieces called Braces. A sketch of 
a ledged and braced door is shown at Sketch K, Fig. 95. The 
boards should be tongued and grooved together, and the joints 
ornamented (on both sides of the door) with a bead or V. The 
Ledges (one is marked LG in the sketch) should be placed at the 
middle and both bottom and top, those at the latter places being 
kept about 4 to 6 inches from ends of boards. Ledges are made 
from 6 to 8 inches wide and about 1% inches thick. The braces, 
BR, Sketch K, Fig. 95, should be of the same size as the ledges 
and should be inclined upwards from the edge that the door hangs 
at. Ledged and braced doors are only used for outhouses or 
parts of a house where strength and appearance are not matters 
of importance. When a door is made without braces (as is 
sometimes done) it is called a Ledged door. The omission of 
the braces is not to be recommended, for without them the door 
is sure to get out of square. 
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516. Framed and Braced Door,- A door of this kind consists 
of a frame and a covering, or “sheeting,” of boards. (See 
Sketch L, Fig. 95) The frame is composed of stiles and rails 
mortised and tenoned together and stiffened with braces.' The 
boards are, tongued and grooved together, and the joints either 
beaded or V cut, and when in position the external faces of the 
boards are flush with faces of stiles and top rail—this means 
that the bottom and middle rails and braces are to be so much 
less in thickness than the stiles and top rail. It will consequently 
be clear that doors of this kind cannot very well be made less in 
thickness than 2 inches, which gives one inch for boards, and one 
inch for middle and bottom rails and braces. The rails should, 
however, if possible, be not less than i}4 inches in thickness; 
so that a good door would be 2*4 inches thick at least. The 
edges of stiles and top rail should be rebated to receive the 
boards, and the edges nearest the boards should be beaded, while 
the edges of stiles, rails, and braces, on the inner side will look 
well if stop chamfered. The braces of this kind of door are 
not altogether indispensable, though they make a much stronger 
door. Framed and Braced Doors are strong and well fitted 
for almost anv position where strength is necessary, and where 
a plain appearance is not objectionable. Church doors are 
made somewhat like the door just described—the main difference 
being the curved top part and the omission (as a rule) of the 
braces, and the boards are usually placed diagonally instead of 
vertically. 

517. Framed and Braced Doors are used only for external 
openings, for which position they are certainly more suited than 
the framed and panelled doors. Sometimes, however, as in 
churches, the framed and braced door is used for both external 
and internal openings. 

518 . Framed and Panelled Doors-— A door of this kind (a 
four-panelled one) is shown by Sketch M, Fig. 95. As will be 
seen, it is composed of stiles (S), bottom rail (BR.), middle or 
“lock rail" (LR), top rail (TR), muntings (MN), and panels 
(P). A fanlight (FN), and transom (T), are also shown in 
the sketch, but the present description does not deal with them. 
Sketches E, F, and G, Fig. 95, show to a large scale the methods 
of tenoning rails into the stiles and the grooving for the panels. 
E shows top rail tenon with a haunch on upper part, so as to 
leave some timber of the stile at the head. F shows the middle 
rail with two tenons and an intervening haunch. The mortise 
lock is put in the stile so that it will come between these tenons 
and thus avoid damage to the joint, which would result if the 
tenons were cut away. G is the bottom rail, which has two 
tenons and a small haunch at lower part of bottom one, put on 
for the same reason as given for that on top rail. The thickness 
of the tenons is made about one-third that of stiles, and all are 
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secured with glue and wedges. The muntings are put in bet¬ 
ween and stub tenoned into the rails. The inner edges of stiles, 
bottom and top rails, and both edges of lock rail and muntings, 
are “ploughed” or grooved about % an inch deep for the panels; 
these grooves are shown in the sketches. Though the form of 
door shown at M, Fig. 95, is the most common, the number of 
the panels is by no means confined to four. For instance, the 
bottom munting may be left out, in which case the door would 
have three panels. Again, a frieze rail is put in below the top 
rail, as shown at B, Fig. 96, and forms six panels; and so on, 
according to the taste of the designer. It is well, however, when 
designing the door to take care to avoid large panels, for the 
latter are liable to crack and split. The method of finishing the 
panels determines, in conjunction with the number of them, the 
name of the door, as for instance, “Four Panelled , Bead Flush , 
and Square Door,” is the description of a four panelled door 
with the panels finished in a certain way. The principal 
methods of finishing panels in framed work or doors are as 
follows:— 

519. Square and Flat Panels. This is the name given to 
the panels when less in thickness than the framing, and finished 
as let into the frame without any mouldings. See Sketch A, 
95- (Sometimes the edges of the frame are ornamented 
with a stop chamfer, in which case the finish might be called— 
‘Square and flat panels with stop chamfers.”) 

520- Moulded and Flat Panels— Where the panel described 
above is finished with small mouldings put in, or “planted,” 
round the panel and up against the frame, the finish is called 
moulded and flat. The finish may be on one or both faces of 
the panel. The moulding may be sunk or planted after the 
style of that shown at R, or the protruding kind known as bolec- 
tion moulding, S, Fig. 93. 

521. Bead Butt Panels. — See Sketch B, Fig. 95. In this 
case the face of the panel is flush with the face of the frame; the 
edges adjacent to the stiles being beaded, while those against the 
rails, are closely butted. The portion of panels going into the 
groove in the frame, forms, in this style, a tongue. The bead 
butt finish may be on one or both faces of panel. When on both 
faces the panel will be of the same thickness as the frame. As 
a rule, however, this finish is put on one face only, the other 
being square and flat, or square and moulded. 

522. Bead Flush Panels. This kind of finish is much like 
that above; the difference being that the head is carried all round 
the edge of the panel. See Sketch C, Fig. 95, what was said 
about bead butt, on one or both faces applies equally to this 
kind. 
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523. Raised and Moulded Panels — This kind of panel is 
thicker in the middle than round the edges—the part round near 
the framing being flat and the centre being raised in the form of 
a “full” or “truncated” pyramid. The moulding is generally the 
kind known as “bolection.” A corner of a raised and moulded 
panel is shown at D, Fig. 95. The panel may be raised on one 
or both faces of the panel. As a rule, however, the raising is 
on one face only, the back left flat and sunk moulded, as shown 
in the sketch. 

524 . Panels should not be fixed with either nails or glue, 
but should be left so that movement due to shrinkage or swelling 
may take place freely, and without causing cracks. For the 
same reason the planted or bolection mouldings should not be 
nailed to them, but to the framing. 

525. Doors made in Leaves - If the width of the opening is 
3ft. 6in., or more, the door should be made in two pieces or 
“leaves,” as they are called. This is necessary because if more 
than about 3 feet in width the tenons in the hangings stile are 
stressed too heavily and are apt to give. Each leaf is the same 
as a single door, in construction and general appearance, except 
that in most cases the muntings are left out, thus providing for 
the same number of panels as if the door were made in one piece. 
The edges of the leaves where they meet in the centre are re¬ 
bated and beaded, as shown at M, Fig. 96. In cases of very wide 
door openings, such as those which are used to form two rooms 
_ into one as occasion requires, the doors are made in four, or even 
more, leaves. The leaves are divided into two sets—those in each 
set being hung to each other—the outermost in each being hung 
to the jambs. The width of each leaf in the case of folding doors 
should not exceed 2 feet. The edges of leaves where hung to 
each other, and where meeting at the centre, should be rebated 
and beaded, as at M, Fig. 96. The leaves should be so arranged 
and hung that they fold back on each other when opened back. 
Doors made in a number of leaves are never a great success, for 
the leaves furthest from the jambs have a tendency to drop or 
“sag.” To get over the difficulty with wide openings, a better 
wav is to have the whole door made in two leaves only—each 
beino* suspended by straps to flanged wheels which run on over- 
head rails or bars—the opening of the door being performed by 
pushing the doors on the wheels into cavities in the wall on each 

side. 

526. Sash Doors - Doors made with upper part in one 
space, and the latter filled with glass, are called “sash doors” 
(see F Fig. 96). It is usual in these doors to make the width 
of the upper part of stiles less than the lower part—the differ¬ 
ence in width in each stile being made in the part between the 
top and bottom of the lock rail by having the shoulders of the 
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latter slanting instead of square. The stiles in such cases are 
called “diminished stiles.” The upper edges of the stiles, and 
that of top rail, are either rebated for the glass, and moulded 
like a sash (see Art. on Sashes), or provision for fixing the 
glass by beaded fillets is made; the latter is by far the best way. 
Sometimes sash bars are put in so as to divide the upper space 
into a number of parts—a favourite style of division being to 
put a bar about 4m. in from the edge of stiles and rails right 
round, thus forming a margin round a centre pane. The margin is 
divided by cross bars at intervals. A door of this kind is called a 
“Margin Light” door. A kind of door called a Casement is shown 
at G, Fig. 96. This is very much used for openings in external 
walls leading 011 to verandahs. As will be seen by the sketch, it is 
really a sash door made in two leaves, each having upper spaces 
of glass and diminished stiles. In the sketch the lock rails are 
shown at the same height as in other doors, but, in many cases 
they are put very much lower. It is, however, very unwise to 
put them any lower than the top 2ft. 6in. from the floor. Case¬ 
ments and sash doors, if put in external openings, may have 
outer faces of lower panels raised and moulded and inner faces 
flat and moulded. Casement doors should never be put in ex¬ 
ternal openings unprotected by verandahs or covered balconies, 
and, even then should have the protection of shutters. It is a 
general custom to put wood sills (like those for sashes) fitted 
with water bars at the feet of these doors, but as the doors open 
inwards, the bar is not of much value, and consequently the sill 
is next to useless. 

527. Sizes of Doors and their Parts. —Doors or openings 
for the passage of people should never be made less in width 
than 2ft. 6in., nor less in height than 6ft. 6in., while the thickness 
should not for the sake of good construction be less than ij4 
in. in any kind of framed doors. The corresponding sizes of 
width, height and thickness in ordinary doors are as follows:— 


Width. 

Height. 

Thickness. 

2ft. 6in. 

6ft. 6in. 

1 J 4 im 

2ft. 8in. 

6ft. 8in. 

i^4in. 

2ft. ioin. 

6ft. ioin. 

i^in. 

3ft. oin. 

7ft. oin. 

2in. 

3ft. 6in. 

7ft. oin. 

2*11. 

4ft. oin. 

8ft. oin. 

254 in. 


The parts of ordinary doors are made of the following sizes: 

Stiles 4 ]/ 2 inches wide 
Muntings „ „ ,, \ 

lop Rail ,, ,, ,, I All being of the same thickness. 

Lock Rail 9 ,, ,, I 

Bottom Rail ,, ,, ., j 


0 
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528- Panels should never be less than y$ in., but generally 
are ^2in. thick. The upper part of stiles and top rail in sash 
and casement doors are from 2 %'m. to 3m. wide. The top of the 
lock or middle rail is, in ordinary practice, put at from 3ft. to 
3ft. 3in. from the bottom of the door. 

529. Timber for Doors. —The following are some timbers 
which are suitable for this purpose:— 

Ledged and Braced and Baltic Pine, Oregon Pine. 

framed and Braced Doors Redwood or Colonial Pine. 

Framed and Panelled Doors .—Painted Work. Baltic Pine, 

Redwood, Clear Pine, Sugar 
Pine, Kauri Pine and Colonial 
Pine. 

Polished or Varnished Work. Blackwood, 
Cedar, Rosewood, Colonial Beech, Kauri. 

530- Glueing and Wedging up a Door. -The stiles, rails 
and panels should be loosely framed together, and allowed to 
stand for a time before being permanently tightened up and 
fastened. The latter work is done on the bench as follows: 
The door as loosely framed is put resting on bearers, which are 
“out of wind/’ that is to say, the upper edges of all are in the one 
plane. The tenons are exposed and painted, as well as the mor¬ 
tises, with glue. The whole is then knocked together with ham¬ 
mers, and finally tightened with “cramps”; wedges, also painted 
with glue, are then driven in at edges of the tenons. Great care 
should be taken to drive the wedges on each edge as equally as 
possible to prevent breakage of tenons. The cramps are next 
removed, and the whole of each side of door planed to a fair 
surface and glass papered until quite smooth. Mouldings (if 
there are to be such) are then cut into the panels and “bradded,” 
that is, nailed with thin nails or “brads” to the stiles and rails. 
The ends cf the stiles longer than necessary are not cut off until 
when hanging the door. 

531 . Hanging of Doors The operation of fitting a door 
into the frame or jamb lining and fitting and putting it on to 
hinges, is called “Hanging.” The fitting in the rebate of frame 
or jamb lining should be done with as much accuracy as possible, 
and it goes without saying that the better the door and frame, 
the better the fitting should be. In the case of the ledged and 
braced door the amount of space between the rebate 
and edge of door would not be so small as is the case 
of a good framed and panelled door for an internal opening. In 
any case, however, the smallest possible space compatible with 
easy opening and shutting should be arranged for. In the best 
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kind of work the space is very little—indeed there is practically 
speaking-, hardly any at all. In ordinary work the space is about 
what the edge of a half-a-crown piece would fit in. In ledged 
and braced doors it is oftener about % of an inch than otherwise. 
The foregoing refers to the joint at sides and top; the joint at 
the foot is, of course, necessarily bigger, for even in superior 
work the doors have to open back over thick carpets, etc., and 
allowance must be made accordingly. But no more than is abso- 
lutelv necessary should be allowed, for a big space under a door 
induces most uncomfortable draughts. To fit and hang a door 
with the minimum amount of joint space is only possible when 
the door is made of seasoned timber not liable to shrink or swell. 
Many of the machine made doors in use are made of poor 
pine which shrinks and swells with change of weather, and 
as a result a door is tight, so as to stick, one week, and the next 
is so loose as to appear very bad. Ledged and braced doors 
are hinged on T hinges. The framed and braced are also at 
times hung on these hinges, but when strength is required the 
hinges are either those shown at F, Fig. 92, or what are called butt 
hinges. Framed and panelled doors are always hung on butt 
hinges. An example of the latter kind is shown at D, Fig. 96. 
As will be seen, they fit into the edge of door and in the rebate 
of frame or lining. They range from i%in. to 6in., in length, 
and are made in brass or iron. The round part, where the centre 
of revolution is, is called “knuckle.” In ordinary work two 
of these butts are used (in good work, three), to hang a door 
from 6ft. 6in. to 7ft. high, the positions being one at level of top 
of bottom rail, one at level of bottom of top rail, and the third (if 
such there be) central between the other two. The usual way 
is as shown, to sink the hinge the depth of the thickness into 
edge of door, and into rebate of frame or jamb lining. When the 
door is required to open back, and clear a projection, such as a 
thick architrave, the knuckle must be put well out, as at E, Fig. 
96. Each flap of the butt is secured with 3 or 4 screws into edge 
of door and rebate. Doors should always be hung inwards to a 
room, and should be hung on the edge that will allow of its 
covering the most of the room when partly open. Doors of 
public buildings and churches, etc., are exceptions to the rule of 
opening inwards, for owing to the danger of panic, they should 
open outwards, so as to prevent any chance of their becoming fast 
from a pressure inside, as would very likely occur if hung to open 
inwards. 

532. Fanlights.— These are sashes put over doors to give 
extra light, and also to provide means of ventilation. They are 
made much in the same way as sashes (See Articles on Sashes), 
with stiles and top rails from 2‘4in. to 3m. wide, and bottom rails 
a little wider, the thickness being the same as the door. They 
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are sometimes fixed tight in place, but as a general rule they are 
made to open and shut so as to give ventilation. When made 
to open and shut they are hung either with butt hinges on the 
bottom edge, or on pivots at about the centre of the stiles. In 
the former case they are made to fit into the rebates above tran¬ 
som; but when pivots are used the rebates are filled up (or else 
not made at all in the upper part of the sides of door frame or 
jambs, and the fanlight is made of the width between the stop 
faces of jambs or frame, so that in opening either the upper or 
lower part (as may be arranged) shall be able to swing in bet¬ 
ween. It is also necessary to note that, when the fanlight is 
hung on pivots, the transom is made without a rebate on top, so 
that the bottom part of fanlight may be able to swing clear in an 
outward direction. Pivots consist of what may be called bolts 
and sockets. The bolt is a pin about in. diameter fastened to 
a plate, which is secured with screws to the sides of sash. The 
pin or bolt works, or revolves, in a hole in a socket plate which 
is secured to the jambs or side of frame. The socket plates are 
made with a slot the same width as the diameter; these slots lead 
down to the holes in which the pins work; consequently the sash 
or fanlight may be removed bodily if required by lifting it so 
that the pins come up by way of the slots. Pivot hung is the 
best way for fanlights over internal doors. 

WINDOW OPENINGS. 

533 The Joinery Work connected with window openings 
consists of the following:— 

(1) Frames. 

(2) Sashes. 

(3) Finishing Round Frames. 

534. Window Frames. These are either— 

(a) Boxed, 
or (b) Solid. 

535. Boxed Window-Frames.—A frame of this kind may be 
-aid to consist of sill, side casings, and head. The sill is made 
of hardwood, and is from 3 to 4 inches at the thickest part, and 
of the width of the side casings. Cross sections of sills for Box 
Frames are shown at R, Fig. 60, and WS, Fig. 98. A better 
view is given at A, Fig. 87, which shows a sill finished much in 
the same way on the top surfaces as one for a box frame. It 
will be seen bv the sketches that the top of the sill is formed with 
a level portion about one inch wide as inner edge, and the rest in 
two or three stepped slopes. The step, or portion forming the 
rise between the slopes, should be hollowed out or “throated. 1 ’ 
The slopes are called ••weatherings.” The object of the weather- 
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ing- and the throating is to get the rain water away as quickly 
as possible, and to prevent it from getting in under the sash. To 
fully accomplish this it is necessary to work the sill, as shown in 
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the sketches, Figs. 98 and 99, with three slopes—two of the 
latter and a stepped throat being under the sash. In unimpor¬ 
tant work the sill is made with only two slopes as at R, Fig. 60.. 
The side and head casings are much alike. A cross section of 
a side is shewn by sketch C, Fig. 98, while the section of a head 
is depicted in the large sketch, Fig. 98. The parts of the casings 
are as follows:— 

536- Pulley Stiles These are the pieces of timber (P.S.T. 
sketches BC, and D, Fig. 98), against which the edges of the 
sashes abut and slide. They also contain the pullies (PY) 
sketch B, over which the hanging cord passes, and are grooved 
to receive the parting bead (PB, sketch 'C, Fig. 98). The lower 
ends of the pulley stiles are housed and wedged into the hardwood 
sill, as shown at sketch E, Fig. 99. The head (H, Fig. 98) of 
the box frame is of the same cross section as the pulley stiles, 
and grooved, and otherwise prepared much the same, excepting 
that there are no pullies or pockets. Pulley stiles and heads are 
made as a rule 1% inch thick. 

537- Inner and Outer Pacino'S. - These are pieces of timber 
put on to form the backs and fronts of the casings. These pieces 
are frequently called linings, but, so as to distinguish them from 
the linings used for internal finishing it is best to call them facings. 
The outer facings (OF, Fig. 98) are made wide enough to pro¬ 
ject about S/8in. to %in. in front of the face of the pulley stiles, 
so as to form a guard to keep the top sash in place. The inner 
facings are, however, not so wide—the edges being kept flush 
with the faces of pulley stiles. The thickness of the facings 
varies from 5/8in. to iin., according to the class of work. In 
common construction the facings are only nailed to the pulley 
stiles, but, for good work the joint should be made with tongue 
and groove, as shown in the sketches. The facings are put to 
the head of the frame just as to the pulley stiles. (See sketches.) 

538- Back Linings. —These are the pieces of timber put at 
backs of side casings to keep mortar, etc., from getting in. A 
back lining- is shown in sectional plan at BL, sketch C, Fig. 98. 

539. Stop and Parting Beads.— These are the strips, beaded 
on outer edges which are used to keep the sashes in place. The 
parting beads (PB, Fig. 98), are let into grooves in the pulley 
stiles and head are placed so as to keep the sashes apart. The 
stop beads (SB, Fig. 98), are nailed to edges of casings, head 
and sill on, the inner edge of the frame, so as to keep the inner 
or bottom sash in place. 

540- Solid Window Frames— The large Sketch (Fig. 99) is 
a vertical section of a window opening with a solid frame. W.S. 
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is the sill, which, it will be noted, is made like one for a box 
frame. H is a cross section of the head, and the stiles would be 
of similar shape. The styles would be housed and tenoned into 
the sill and tenoned into the head. As will be seen, the stiles 
and head are rebated to receive the sash, which, in the case illus¬ 
trated, is arranged to open outwards—this being the best way. 
ff the sash is to open inwards, the rebate must be put on the 
inside, and the sill shaped a little differently, to guard against the 
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inroad of the rain water. In the example given the outer edges 
of the stiles and head are moulded, but, as a rule, the edges are 
merely beaded, as in the case of a door frame, as shown in cross 
section of stile at B, Fig. 94. It will be observed that a solid 
window frame is made much like an external door frame. The 
frame in Fig. 99, is for sash hung at side (if in one leaf, or at 
sides if in two), with butt hinges. In the case of the sash being 
hung on pivots, as is sometimes done, the rebate would he formed 
with stops as described in Article 532 ante. 

541- Timbers for Window Frames.— The timbers set out 
in Art. 306 ante, for door frames may be taken as also suitable 
for solid window frames. As before remarked, the sills of the 
boxed frames should be of hardwood, if possible. The other 
parts may be of the same kinds as set out in Art. 510 ante for 
jamb linings, but redwood may be added to the list. 

542. Fixing of Window Frames —Solid frames are almost 
always set in during the building of the wall, and fastened in the 
same way as described for a door frame. Boxed frames, in 
ordinary building, are also built in the walling, but in superior 
work tliev are put in after the walls and roof have been com¬ 
pleted. It will be obvious that the latter wav is the best, for the 
frame escapes the damage, which is inevitable, if put in when 
the masonry or brickwork is being done. When built in, the 
ends of the sills are bevelled like the head of a door frame, so 
as to improve the hold in the wall. Wood lintels (L, Fig. 98, 

and WL, Fig. 99) should in all cases be put over the frames, to 

carry the overhead brickwork, but, in no case should the lintel be 
allowed to bear on head of frame. The sketches, Figs. 98 and 
99, show relative positions of the lintels. A water bar of gal¬ 
vanised iron or copper should be put so as to project into both 
stone and wood sills, and form a barrier to the passage of water. 
The wood sill is generally bedded on to the stone sill in a thin 
layer of cement mortar. 

543- Window Sashes.— A sash is a light frame containing 
the glass, and fitted so as to hang or slide in the “solid” or 
“boxed” window frame. The construction of sashes depends 
upon the kind of window frame, hence they will be described 
under the following heads:— 

(a) Sashes for Boxed Frames. 

(b) „ „ Solid „ 

544 Sashes for Boxed Window Frames. For boxed frames 
the sashes are made in two pieces, known respectively as top and 
bottom sashes, and hung with cords and counter weights, so as 
to slide up and down. Portions of a sash for a box frame are 
shown in position in the large sketch, Fig. 98. The stiles of 
each sash and the top rail of top one are alike in width, while 
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the bottom rail of the bottom sash is wider, and the 
connecting rails narrower than them. As shown by the 
sketches, the stiles in each sash are extended past the meeting- 
rail and finished with a moulding—such extensions being called 
“Moulded Horns.” The horns give finish to the stiles and also 
provide for stability in the joint with the meeting 
rails. The latter are generally bevelled at the meeting surfaces as 
shown in the sketch, but in superior work the junction is made 
with a bevelled rebate. It will be noticed that the sashes are 
kept apart by the thickness of the parting beads (PB), but the 
meeting rails are wider by the amount of the bevel so as to fill 
up the space at this junction. The under edge of bottom rail of 
lower sash is rebated and bevelled and grooved, as shown in 
Fig. 98, or simply bevelled, as the importance of the work may 
demand. The best way is as shown in Fig. 98. 



545 . The glass is secured with putty in a rebate, excepting in the 
case of the meeting rail of bottom sash, which has a groove, to 
take the glass, formed in the outer edges of the frames, while 
the inner edges are moulded. The sketch, Fig. 100, shows a 
top corner of a top sash just as it is being put together. RL is 
the rail with tenon and haunch, and the moulding scribed already 
to fit into and against the stile ST. The other joints are made 
similarly—a slight difference only in the case of the meeting 
rails—the haunching (if done as shown in Fig. 98) not being 
necessary. It may be remarked that the sashes are made so that 
when together, as in the drawing, the meeting rails are in the* 
centre of the height between the top of bottom rail and bottom 
of top rail. In the example illustrated (Fig. 98) each sash has 
only one pane of glass. Sashes are not, however, always so made, 
for, it is often the case that each has two or more panes. The divi¬ 
sions are formed by narrow pieces, each rebated and moulded! 
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like the stiles and rails, and called Sash Bars. (See B, in large 
sketch, Pig. 99.) The bars are arranged horizontally and ver¬ 
tically, as the division may be (if there are bars both wavs, one 
would run right through, while the others are formed of pieces 
put in between), and the joints with sashes and with each other 
are made with tenons and scribed intersections, as in the case of 
the stiles and rails. The bars are frail, and, in the case of a 
sash with a large number of divisions, a considerable amount of 
skill is required to get all equal and all perfectly straight. 
Sashes are generally made from ij/in. to 1 %in. thick, but in large 
windows the thickness is much greater. The following are sizes 
of cross sections of parts of sashes for all ordinary sized win¬ 
dows :— 


Stiles 

Thickness. 

ij^in. 

X 

Width. 

2 V 4 \n. 

Top Rail 

,, 

zz 

,, 

Bottom 


X 

4in. 

Meeting 

, 2^in. 

X 

i^in. 

Bars 

ij^in. 

X 

' % »n. 


546- The Joints of the Sashes are glued and the tenons 
secured with wedges, after which the faces are olaned and cleaned 
off with sand-oaper. The glass is next put in, and the sashes 
are then readv for fitting and hanging in the frame. The fitting 
consists of planing off the superfluous width so that the sashes 
may slide up and down easily between the pulley stiles, and in 
cutting off the rough horns at top of upper and bottom of lower 
sash, and fitting so that meeting rails come together, and the bot¬ 
tom rail fits the sill. The outer edges of each sash are next 
grooved for some distance back from the horns at the meeting 
rails. These grooves are to take the sash cords. The process 
of hanging brieflv described is as follows:—The top sash is 
taken first and weighed, and selection made of two weights, the 
combined weight of which is equal to that of the sash. The 
pockets in the pulley stiles are removed and the sash cords passed 
from the outside through over the pullies; the inner ends brought 
out again by way of the pockets, threaded through the tops of the 
weights, and secured in each by a knot. The weights are then 
pulled in through the pockets and up to near the pullies or the 
inside of the pulley stiles, after which the other ends are secured 
with clout headed nails in the grooves on the edges of the sashes. 
Allowance is of course made for the full amount of slide down 
of the sash; that is to say, provision is made so that when the 
sash is as low down as it can go, the weights on' the inside shall 
not have quite reached the pullies. Again provision must be 
made that, when the sash is up at the top, the nails used for 
securing the cord to the grooves shall also be not quite up to 
level of pullies, otherwise they would prevent enough of cord 
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pasing through to allow of full upward slide; when the top sash 
hung in place, the pockets are put in, and the parting beads 
are put in. It should be mentioned that portions of the bevel, 
at the ends of the meeting rails of each sash, are removed so as 
to allow of sliding past the parting beads. The bottom sash is 
then hung in the same way, but it must be remembered that the 
weights for this sash must be put in before the pockets are re¬ 
placed. The stop, or inner beads (SB), are finally put in. 
Sketch B, Fig. 98, shows a balance weight (W), pulley (PY), 
and sash cord. The balance weights are of cast iron, and made 
in weights from 2lb. upwards. Sash cord is a superior kind of 
hempen rope of small diameter. Before being used it should be 
well stretched, otherwise it will become loose afterwards. Con¬ 
siderable trouble is caused by replacing broken cords, and to 
meet the difficulty a metallic flexible sash line can be obtained 
which serves well and is durable beyond question. 

547- Sashes for Solid Window Frames.— These are called 
casements. They are made in either one or two leaves; and the 
stiles, top and bottom rails, and bars, are similar in size and shape 
of cross section to those in sashes for boxed frames. The 
jointing is also on the same principle. They are hung like a 
door with butts to the stiles of the frame, and are arranged as 
a rule to open outwards. The example in large sketch, Fig. 99. 
is one to open outwards. This way of opening is far the best, 
it being possible to fully guard against the inroad of the rain 
water. Sashes are, however, sometimes made to open inwards, 
in which cases the rebate to receive them must be on the inside 
of frame and special provision made, if the window is exposed, 
so that the junction of bottom rail with sash shall offer the best 
resistance to weather. If the sash is made in two leaves, the 
meeting stiles are rebated and beaded as shown for a door at M, 
Fig. 96. Sashes for solid frames may be hung on pivots as des¬ 
cribed for a fanlight. 

548. Sashes with Curved Heads.— The examples given are 
rectangular in shape, but the form is by no means restricted to 
this, for sliding sashes are made, not only with curved heads, 
but abo with curved faces, and those for solid frames may be 
of any shape. It is not possible to say more of these curved 
sashes than to mention that the pieces are as a rule jointed with 
butt joints, and secured either with the key shown at A, Fig. 67. 
or with the screw described in Art. 347 ante . 

549. Timber for Sashes.— The following kinds of timber 
are used for sashes:— 

Painted Work.—Baltic Pine, Oregon Pine, Clear Pine, 
Sugar Pine, Kauri Pine, Colonial Pine and Red¬ 
wood. 
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Polished or Varnished Work.—Cedar, Rosewood, Black¬ 
wood, Colonial Beech, and Kauri. 

550. Finishing* Round Windows. —This part of the work 
can be best dealt with under two heads as follows:— 

(1) When frame is flush, or nearly so, with inner 
surface of wall. 

(2) When frame is not flush with inner surface 
of wall. 

(1) The first case is that mostly met with, being the finish 
of walls gin. or nin. thick, and consequently the kind, as a rule, 
in ordinary house building. A piece of board from 2 to 3 inches 
wide with nosing on edge and at both ends, is put either with a 
groove into sill or just butted to sill. This is called a nosing (see 
NB Fig. 98). A Scotia or ovolo moulding, also with returned ends, 
is put under the nosing. The nosing is extended on each side of 
the frame to receive the ends of the architraves, which are put 
up the sides and over the head as in the case of a door (see Art. 
512 ante re architraves). If the sashes in the case of a box 
frame are thicker than ij£in. in a gin. wall, the frame 
will project out from inner surface of the plastering. 
This will render necessary a fillet to fill up 
space between back of architrave and wall. The 
fillet should be headed on outer edge. See sketch. Fig. 98, which 
shows finish on inside of box frame. A solid frame could be 
finished similarly with the exception of the fillets at back of 
architraves which would not be necessary. 

551. When the Frame is not flush with Inner Surface of 
Wall, that is to say, when it is back therefrom. In this case, 
which occurs in thick walls, lining boards (LB, Fig. 99), are 
necessary. The lining at the sill is called the “Window board” 
or “Xosing board,” and is wider than the others, being arranged 
like the nosing to project out from wall and extended on each 
side to receive the architraves. The linings at sides and head 
are only wide enough to come to edge of wall, and may be plain 
as shown in the sketch or panelled. Window linings are made 
much the same (the main difference being the absence of re¬ 
bates) as those for doors, and are fixed in the same way (see Art. 
303 ante and Fig 94). They are grooved into the frame and 
fixed to grounds at outer edges. The large sketch, Fig. 99, 
shows linings to a solid frame, but can also be taken as illustra¬ 
tive of the finish in the case of a box frame, for there would be 
no material difference were it the latter. The architraves are 
fixed to grounds which support the linings. In the example 
Fig. 99, the linings are square, or at right angles with the sur¬ 
face of the wall. In some cases they are put on the bevel out¬ 
wards from face of frame. These are called “splayed linings” ; 
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when the head of frame is curved the head lining is also of 
similar curve. The curved piece in such work is generally 
formed of a thin veneer with backing of wedged shaped pieces, 
the whole being glued together. 

A very convenient and effectual method of finishing a win¬ 
dow opening in a thick wall, is to have the part of wall under 
the window flush with the inside of latter, thus rendering a win¬ 
dow board unnecessary. In such case the side linings would be 
carried down to the floor; the space under window being either 
plastered or covered with a panelling. 

552- Architraves for Window Openings, The inmost edges 
of window openings are finished with architraves (AR) as 
shown in sketches Figs. 98 and 99. The architraves are similar 
to those described for door openings in Articles 511 and 5 12 
ante , and fixed much in the same way. Where there are either 
nosings or window boards the architraves are butted or stopped 
on to them. 

553. Timber for Linings and Architraves of Window 
Openings. -The timbers used for these parts are usually either 
Redwood, Kauri or Colonial Pine in cases where the work is 
to be painted. Any of the timbers mentioned in Art. 510 as 
suitable for jamb linings, will, however, do. In cases where the 
work is to be polished or varnished, the timbers for door and 
window openings, and other internal fittings, should be selected 
with a view to a pleasing effect as a whole. 

554- Shutters are framed covers or screens used for window 
and casement openings to afford either shade from sun, protec¬ 
tion from the rain, or resistance to fire or robbers. They are 
made in either one or more leaves, and are either hung like a 
door, or made to slide either into cavities at either sides or above 
or below opening. They may be divided into two kinds:— 

(1) External shutters. 

(2) Internal „ 

555. External Shutters. These are sometimes made like 
either a framed and /edged , or a bead and flush panelled door 
with the timbers very thick so as to resist violence, or very 
rough weather. Outside shutters are also, where extra strength 
is required, or where protection from fire is needed, made of 
stout iron plates. The latter are, however,, only used in large 
buildings, subject to extra risk from fire in dangerous parts of 
cities, while heavy wooden shutters are very seldom used in house 
building, because the object as a general rule is only to provide 
shade from the sun and protection from rain. Sketch B, Fig. 
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99, shows portion of a shutter of the kind generally used. They 
are made generally in two leaves, each of which is a light frame 
filled in with slanting laths or “louvres.” In cases where the 
window is of ordinary size, there would be a top, middle, and 
bottom rail in each leaf, but for casement and other openings 
of fair height, sufficient rails would be put in between top and 
bottom to allow of a spacing apart of about 3 feet. The stiles 
(S) and top and intermediate rails (R) would be about 2}4in. x 
i%in. in cross section, while the bottom rails would be from 6in. 
to 9in. wide, and the same thickness as the others. The louvres 
(L) are generally 54 in. thick and of a width sufficient to give 
enough of cover, one over the other; and they are housed for 
about T 4in. into the stiles. The edges next to the louvres, are 
beaded on both sides of the frame. Louvre shutters, as they are 
called, are hung* to small pieces of timber about x i^4in. 

(see HS, sketch B, Fig 99) in cross section, or whatever may be 
the thickness of the shutters, and are secured with screws to 
the outer facing of box frame or to stile of solid window frame 
or casement door as the case may be. Head pieces of the same 
scantling are fixed at head of frame, and connected to tops of 
side pieces with a butt and mitre joint. These side and head 
pieces are called “Shutter hanging stiles and heads.” The 
shutters should be hung so as to open back against the outer 
face of wall. To accomplish this a kind of hinge known as a 
“Parliament hinge” and shown at PH, sketch B, and at sketch 
C, Fig. 99, must be used. 

556-Timber for Louvre Shutters,— Cedar, Baltic Pine, and 
Redwood are good kinds for the frames; while cedar or Baltic 
pine are suitable for the hanging stiles and beads. Redwood is- 
by far the best for the louvres. 

557. (2) Internal Shutters.— These are generally made in 
very narrow leaves, each of framed and panelled construction, 
which are hung together in two sets like foldings doors. They 
are made to hang this way, so that they may be folded back into 
boxes or casings at each side of the opening, and consequently 
be out of the way when not in use. A sketch showing a hori¬ 
zontal section through the side of a window opening, with a box 
frame fitted with internal folding shutters, folded' back in the 
casing, is shown at D, Fig. 99. Shutters also of framed and 
panelled construction can be made of the size of the sashes, and 
arranged to hang like the latter in a second box frame inside that 
for the sashes, and disappear when not in use into a cavity at 
foot or head of opening. Internal shutters are hardly needed, 
and indeed are very seldom used in the climate of this country. 

558 -Skirting.— The boards put round to cover the joints of 
the walls with the floor, and to form a base for the walls,, are 
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called skirting boards. In design the skirting boards may, 
according to circumstances, be either plain, moulded or double- 
faced and moulded . 

569- Plain Skirting consists of a piece of board about 6 
inches wide and i inch thick, with the top edge either chamfered 
or beaded. Moulded skirting ranges from about 7 inches to 9 
inches wide, and has an ogee or ovolo, or some such moulding 
on the top edge. Sections of moulded skirting boards are shown 
at R, Fig. 72, and at SK sketch, D, Fig. 90. Double faced and 
moulded skirting is the most elaborate form. The name, double 
faced, is given because the face of the board has two large plain 
surfaces. This kind is generally made in two pieces, so as to 
obviate the disadvantage of having one large piece of timber, 
the pieces being grooved and tongued together as shown at S, 
Fig. 97, which illustrates a double faced skirting. 

560. Timber for Skirting Boards.— In polished or varnished 
work the timber used for skirting is generally the same as that 
in the architraves. Pine timbers, such as redwood, kauri, Baltic 
or Oregon, are used when the work is to be painted. 

561. Fixing Skirting Boards.— As a rule, skirting boards 
after being scribed so that the lower edge fits the door, are 
secured to walls with nails driven into grounds or plugs, the 
latter being spaced not more than 18 inches apart. The lower 
edges should not be nailed to the floor, because of the danger of 
splitting the skirting boards is shrinkage should take place. In 
the best class of work the skirting boards are grooved into the 
floor as shown in Fig. 97, thus providing for movement, due to 
shrinkage, as well as helping to keep the skirting in place. 

562. Surbase and Dado. —A surbase consists of moulded 
railing put round the walls at from 2ft. 9m. to 4ft. above the 
floor. The dado is the portion of wall surface, or boarding, or 
panelling, between the skirting and the surbase. In large public 
buildings the skirting, dado, and surbase become imposing fea¬ 
tures, and the height of the surbase is often much more than 
4ft. The dado, as a general rule, is composed of 6in. x iin. or 
4in. x 1 in. T. and G. and B. boards, either diagonally or upright, 
and nailed to framing of grounds. The sketch, Fig. 97, shows 
a dado of framed and panelled work with a double-faced skirting 
and moulded surbase. An inexpensive form, and (if 
the walls be papered) a very good effect can lie got by putting 
strong paper with relieved patterns, such as “Lincrusta-Walton,” 
for the dado. The surbase is often made quite plain ( i.e ., a 
plain board about 3m. x ly+'m., with beaded top and bottom 
edges), and put low enough to catch the tops of backs of chairs. 
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In such cases it is put tip mainly with the object of preventing 
damage to the walls, and is called a Chair rail. It is worth men¬ 
tioning that in internal decoration the term “dado” is often 
meant to include the skirting and surbase, as well as the dado, 
proper. Skirtings, timbers, dados, surbases, and chair rails 
should be fixed after the plastering is completed. 

563 * Picture Rails are pieces of moulded timber put round 
the upper part of walls at the level of the head of door archi¬ 
traves, or higher according to taste. They are used as their 
name implies—to suspend pictures from. They are also as a 
rule considered as a part of the internal decoration,, and made 
to form the lower edge of a frieze which extends upwards to 
the ceiling or cornice. 


STAIRS. 

564. Series of Steps for ascending from one storey to 
another in a building are called stairs. The staircase is the 
structure surrounding or enclosing the stairs. The kinds of 
stairs are as follows:— 

(a) Straight 

(b) Dog-legged 

(c) Open Newel 

(d) Geometrical 

( e ) Circular 

Note. —The various sketches showing the different kinds 
of stairs in Figs, ioi and 102, are merely diagramatic—all de¬ 
tails being omitted. 

565 A Straight Stair is shown at Sketch A, Fig. 101. As 

will be seen it consists of a number o c .steps one above the other, 
and rising in the one direction. This kind is useful only when 
the total rise is small, because if the stair is a long one they are 
tiring to ascend, and besides, they require a lot of room for the 
“going.” If. however, ‘'landings” be put in so as to divide the 
total length into short flights, the straight stair can be made 
easy of ascent, and also a very imposing structure. 

566 . A Dog-Legged Stair is shown at sketch B, Fig. 101. 
This kind of stair is divided into two flights going in opposite 
directions. A stair of this description mav have either a landing 
as shown in the sketch or “winders." Winders should however, 
if possible, be avoided, for at the best they are uncomfortable, if 
not positively dangerous. 
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567 « Open Newel Stair —Sketch D, Fig. 101, shows an ex¬ 
ample of this kind of stairs. It will be seen that it consists of 
two flights in opposite directions like the dog-legged stair, but it 
differs from the latter inasmuch as that the “01^^ strings are 



Fig. 101. 


not one directly above the other, consequently it requires two 
newels at the landing—one to finish lower, and one to commence 
upper, flight. A variety of this stair occurs when a third flight 
is out in between and at right angles to the upper and lower 
flights: see sketch E, Fig. 101. 

568- Geometrical Stairs. —Stairs of this class are arranged 
with an opening or “wellholc” between the flights and without 
newels, the outer string being continuous from bottom to top. 
An example is shown by sketch A, Fig. 102. 
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569- Circular or Spiral Stairs.— An example of this kind 
is shown by sketch B, Fig-. 102. The steps are all "winders” 
converging from the outside to the centre. There are two kinds 
of circular stairs, viz., circular geometrical; when the stair has an 
"outer string” and a "well hole”; and circular nezvel, when the 
stair has a centre newel into which the steps converge; the sketch 
shows a circular stair with a newel. The various parts of stairs 
will be found described in the following articles. 



Fig. 102. 

570- Steps. — Sections of stair steps are shown by the large 
sketch in Fig. 105, in which T indicates the tops or “treads” and 
R the “Risers or faces. A step of this kind of stair would 
therefore be composed of a tread and a riser. (In very common 
stairs the riser is omitted so that the step is a tread only.) Treads 
for stairs of ordinary houses are made i%in. thick, but for first 
class work the thickness is made from zyiin to The outer 

edge of tread is nosed as shown by the sketches Fig. 105. Risers 
are made from lin. thick in ordinary stairs to 1*4 in. for the 
better kind. The large sketch, Fig. 105, shows different methods 
of jointing the riser to tread. To further strengthen the joint 
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between tread and riser, small blocks are glued and secured in 
the internal angle, see BL, Fig. 105. Figs. 103 and 104 show 
methods, usually adopted, of fixing steps to strings. In Fig. 
103 the steps are housed into both strings. In Fig. 104, they 
are housed into one, and cut, mitred, and bracketed on to the 



Fig. 103. 


other. In some cases they are cut, etc., on to both strings. The 
details of methods for securing steps to strings are described in 
Article 571 . The ordinary steps in a flight are called “ fliers” 
Those which radiate from a newel or a well-hole are called 
winders” The latter should be avoided as much as possible, 
but where absolutely necessary they should be of the same width 
as the fliers at 18 inches from the outer string or newel. The 
“going" of a stair is the horizontal distance from face of one 
riser to that of the next one; while the “rise” is the perpendicular 
distance from top of one tread to the top of the next one above. 
It should be remembered that steps which are both wide and high 
are very fatiguing to ascend, so that when designing stairs it is 
necessary to have a wide tread, if the rise is small or vice versa. 
A very good rule for the proportion is:—Width of tread multi¬ 
plied by height of riser should approximate to or equal 66 inches. 
The width of the tread should not be less than 9 inches, but in 
important stairs should be more—12 inch tread and $ T / 2 inch 
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rise giving an ideal step. Sometimes the lowest one of the steps 
in a stair is made larger than the others, and brought out at the 
end in a pleasing curve or “sweep.” Such is called a “curtail” 
step. The construction of a step of this description is shown 
by sketch B, Fig. 107, by which it will be seen that the outer end 
of the riser is reduced to a veneer about thick, and bent 

round and permanently secured to an inside block. 

571 - Strings.—These are the pieces cf timber at the sides 
of a stair flight which support the steps. The piece put against 
the wall is called the “Wall String,” while that on the outer side of 
the flight is called the “Outer String.” When a flight is put 
between two walls both of the side pieces are wall strings. A 
wall string (WS) and outer string (OS) are shown in sketches 
Figs. 103 and 104. Strings are classified as follows, according to 
the method of finishing and securing steps to them:— 

(1) Close or housed strings. 

(2) Open or cut „ 



When the steps are let, or housed, into, the string and the 
top of the latter left so as to be parallel to the lower edge it is 
called a close or housed string . Examples of housed strings 
are shown in Figs. 103, 104, and 105. In sketch, Fig. 103, both 
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wall and outer strings are housed. When the outer string is 
housed, it is finished on the outer surface after the 
style of the one in the sketch, Fig. 103, or it may 
be set out in imitation of panelling. The large sketch in 
Fig. 105, shows method of housing and securing the steps in the 
case of a housed string. The sketch is a view from the under¬ 
side. As will be seen, the steps and risers are housed into the 
string (S) (to a depth of from inch to inch, as the thick¬ 
ness of string may allow) and tightened up and held in place 
by wedges (W) driven in behind them—the whole of each joint 
being well glued, and the wedges further secured by being nailed! 



Fig. 105. 


to the string. In the sketch Fig. 104, the outer string (OS) is 
an open one, being “cut, mitred, aud bracketed An open or cut 
string, as its name implies, is cut away so that the end of each 
step is shown. The sketch P>, Fig. 105, is the end of a step on 
an open string. The corner is removed to show the arrangement 
of the different parts. (S) is the string on which the tread (T) 
rests. (R) is the riser rebated on to the string, and carried on 
so as to mitre with the ornamental bracket (BR). (N) is the 

nosing piece planted on so as to return the nosing of front edge 
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round the end of tread. In some cases the ornamental brackets 
(BR) sketch B, Fig. 105, and B, sketch, Fig. 104) are omitted. 
The risers would then be mitred to the string instead of rebated, 
as shown in the sketches. Rough strings or “carriage pieces” 
(CP in sketches Figs. 103, 104 and 105) are put in under the 



Fig. 106. 


•steps midway betwen the strings so as to form an additional sup¬ 
port. Thev should extend from bottom to top of the flight, and 
he well secured at the ends. Pieces of timber (M sketch, Fig. 
105) are nailed to the carriage nieces and butted up to under sur¬ 
face of each tread. A ‘‘wreathed ” string is one which is con- 
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tinuous—that is without newels up two or more flights. The 
outer string in the geometrical stairs shown in sketch A, Fig. 102, 
is an example of a wreathed or continued string for two flights. 
The wreath, or turn, can be made as shown bv the sketch A, Fig. 
107. The turning portion of the string is, as shown by the sketch, 
reduced so that there is only a veneer about ^4 inch thick on the 
outside. This veneer is turned on a half cylinder to the double 
curvature required, and backed up with pieces fitting together 
like arch blocks and glued. The wreath is then cut for threads 
and risers. It may be mentioned that the wreath is made 
separately and then jointed to the straight portions of the string. 

572 . A Flight is a series of steps one above the other, with 
landings intervening. The straight stair at A, Fig. tot, is a flight. 
The stair at B, Fig. 101, has two flights. The “going” of a 
flight is the horizontal distance from face of its bottom riser to 
face of that of the top. It will be noticed that a flight has one 
more riser than the number of treads. 

573, A Landing is a horizontal space intervening between 
two flights, or the space at the top of a stair. Properly speaking, 
the name landing should be given only to the space at the top 
of a stair, the others being called spaces. The space equal to 
the width of a flight, as at sketch D, Fig. 101, is called a 
space. That equal to width of both flights., as at sketch B, Fig. 
101, being called a space. Bandings or spaces are constructed 
similarly to floors, for which see articles 380 to 399 ante. 

574 - Soffit of Stairs. —The soffit is the under surface of a 
flight or landing. It may be formed either with plaster, timber, 
or with metal plates. In the case of plaster the laths are secured 
to edges of strings and carriage pieces (firring being put on the 
latter to level up if required) and the plaster is put on in the same 
way as for a ceiling. Timber soffits are formed either with lin¬ 
ing boards for ordinary stairs or panelled work for the better 
kinds. The lining boards may be put on square with the strings, 
or diagonally, as the taste of the designer may decide. The 
panelled soffits are framed and panelled on the principle as des¬ 
cribed in Art. 492 ante; the division and arrangement of the panels 
being matters controlled by the particular style of the design. 

J hin metal plates, either of zinc or steel, are being much used 
for stair soffits. This kind of soffit is to be recommended, for the 
metal is light and can also stand the vibration of people on the 
stairs. The plate , are made in plain or ornamental designs as the 
case may require, and secured to strings and carriage pieces; 
fir ring pieces being used as required. 

7^^575 Head Room. —Provision should always be made foi 
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enough of perpendicular space so that the head of anyone ascend¬ 
ing the stairs shall not be liable to catch against the edge of 
landing or soffit of stairs above. This perpendicular height or 
space is called the “Head room," and it should never be less 
than 7 feet. 

576- Spandrel. —The triangular space under outer string of 
the lowest flight of a stair is sometimes filled with boarding, or,, 
in the case of good stairs, with panelling, so as to form a cup¬ 
board. This filling is called a spandrel. A panelled spandrel is 
shown at sketch B, Fig. ioi. The panelling would be about 
if^in. or i%in. thick. 

577 Newels. —These are the posts put at bottoms and tops 
of flights to secure handrails, etc. Properly speaking, however, 
the term belongs to the central post from which the winders 
radiate in a circular newel stairs. Newels are shown in the 
sketches Figs, ioi, 102 and 106. As a rule the portions, not 
occupied by the abutments of strings and handrails, are turned 
or square moulded and the tops rounded off as spheres or ovals. 
In common stairs, the newels are plain, the edges being stop cham- 
ferred. In stairs of imposing character, such as those for public 
buildings, the newels are the portions to receive special ornamenta¬ 
tion, and they are turned, moulded and carved in the most 
elaborate manner. The strings are housed and tenoned into the 
newels, and the joints secured with pins and glue. Newels at 
landings are notched on to the outer joist of the latter. Some 
idea of the relative positions of string newel and landing may be 
obtained by the sketch Fig. 106, which represents a top corner of 
a flight in an open newel stair. N is the newel, the top part of 
which is cut off. S. is the string. The outer joist of the 
landing is shown at J covered by the facia board (F). BB are 
lower portions of balusters. In this case the bottom of the 
newel is finished with a “drop,” i.e., a moulded or turned end. 
The newel at top of lower flight is sometimes carried down to the 
floor, as shown at sketch B, Fig. 101. Newels are made upwards 
from Ain. x gin. in cross section; 6in. x 6in. being a common size. 

578, Handrails and Balusters. —The handrail is the piece of 
timber put at a convenient height for the hand at the side to 
act as a support during ascent, and to prevent falling over side 
of stairs. The rail should be parallel to line of nosings of each 
flight, but may be curved at ends, so as to make a graceful finish 
against newels, as shown in sketches B, Fig. 101, and A, Fig. 102. 
When the rail is continuous, as for geometrical stairs (see sketch 
A, Fig. 102) it is called a Wreathed Handrail , the portion at the 
turn being the “wreath.” An ogee bend like that at the top 
newel in sketch B, Fig. ioi, is called a swan's neck. A single 
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turn, convex in form, is called a knee, while a concave turn is 
called a ramp. Handrails range in cross section, from a plain 
°val to the elaborately moulded. Small sketches of cross sections 
of handrails of common patterns are shown at C and D, Fig. 
ic> 7 - A very good style of handrail is shown in cross section by 



sketch B, Fig. 108. The main consideration is to have the top 
of rail of a shape that it may be comfortably grasped by the 
hand, and there should be no sharp edges in this portion. Hand¬ 
rails for common stairs may be 4 inches deep and 3 inches wide, 
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the top being reduced to a round about 2 ) 4 in. in diameter. The 
top of the handrail should be three feet above landings, while the 
height above nosing should be about 2ft. y]/ 2 in. The handrail 
should be housed and tenoned into the newels. 

F*u!} 579 . Balusters are the small posts, placed at frequent 
intervals to support the handrail, and also to helo to prevent fal- 



Fig. to8. 

ling over the side of the stairs or landings. Balusters range 
upwards from i)4in. x i)4in. in cross section; 2in. x 2in. being 
the usual size. They are either plain or moulded to match the 
newels. If the string is an open one the balusters are either 
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housed or dovetailed into the threads, see sketch, Fig. 106. When 
the outer string is close or housed, as at Fig. 103, the balusters 
would be cut on to the upper edge. In stairs of a good des¬ 
cription the portion of close string between the baluster is 
moulded, as at sketch A, Fig. 108. The best way to secure the 
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balusters to the handrail is by means of an iron bar, the width 
of the balusters, about a quarter inch thick, and of the length of 
the rail, and secured with a screw to head of each baluster and 
also by screws at frequent intervals up into the rail. A cross 
section of a handrail and balusters secured in this way is shown 
at Sketch B, Fig. 108. In common stairs the heads of the 
balusters are nailed to the handrail. When the string is an open 
one, two balusters are put on the end of each tread, as shown 
by the Sketch, Fig. 106; but in any case the balusters should 
not be spaced- more than 5 inches apart. Balusters are often 
made of cast iron, and in very good work the space between 
string and handrail is fitted with wrought iron or brass work 
with the very best results. 

580- Timber for Stairs.—The following timbers are used 
for this purpose:— 

Painted zvork : Kauri, Oregon, Colonial Pine, Colonial Beech. 

Polished or varnished zvork: Cedar, Blackwood, Rosewood, 
Red Bean and Colonial Beech. 

SHOP FRONTS. 

581. Shop Fronts, though differing in matters of detail, are 
all very much the same as regards general arrangement and con¬ 
struction The sketch, Fig. in, shows half plan and elevation of 
a typical shop front with two windows; the entrance door being 
in from the line of the front. The stiles for the door frame are 
made of large scantling (about 6in. x 6in.) so that they may 
afford ample abutment for the window sashes; and they are car¬ 
ried up either to the level of soffit over entrance or to shop ceil¬ 
ing. In a door frame of this kind the head as well as the 
transom would be tenoned into the stiles. Casements as shown 
in the sketch, and at G, Fig. 96, or sash doors in one leaf as at 
F, Fig. 96, are the kinds of doors usually used for shop entrances. 
Solid panelled doors like those at B, Fig. 96, or Mi, Fig. 95, are 
sometimes used. For detail description of doors and door 
frames see Arts. 497 to 53 2 an * c • 

582- Shop Windows. —The sketch Fig. 109, shows isometrical 
views of portions of shop windows. The vertical section is on a 
vertical plane taken through at the position indicated by the line 
CD on the plan in Fig. in, while the horizontal section is made 
at the level of EF. Linings (L) about i^in. thick, with nosing 
or ovolo on outer edges are secured by means of plugs to sides 
of piers. The tops of these linings are grooved into the soffit 
(SF) of the casing of the girder (G) which spans the opening. 
The timber sill (SL) is put resting on a slate or marble nosing 
which in its turn rests on a brickwork base. Some- 
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times the base is of masonry and the nosing omitted, the sill 
being put directly on the base. The scantling of the timber sill 
may be about 8 or 9 inches high, and 7 or 8 inches wide; the 
outer surface being moulded as shown. This sill is housed into 
the lining against which it abuts, mitred at the corner and housed 
at the inner end into the door post. The bottom rail (BM) of 
the sash is put resting in a rebate on the top of the sill. The 
section sketch B, Fig. no, shows a method adopted when the 
bottom rail of sash is to be at some height above the base course. 
SJ. is a piece of framed work called a stall board; the panel being 
generally a cast iron grill so as to allow of ventilation. SL is the 
sill on which the bottom rail of sash (BM) rests. In cases where 
the building has a basement the stall board is formed of swing¬ 
ing sashes with glass in them, as shown by large sketch, Fig. no, 
so that light and ventilation may be obtained for the basement. 
The shop window sashes are made with stiles (ST) bottom rail 
(BM), and top rail (TR), (sketches in Figs. 109 and no) rebated 
and moulded like an ordinary sash (excepting of course that the 
rebates and mouldings are on a larger scale) and they would be 
jointed together as shown in Fig. 100. The top of the bottom 
rail is, however, generaly bevelled instead of moulded. The 
usual sizes of parts of a shop window sash are as follows:— 

Bottom rail, 6in. x 2 ^ 4 in. 

Stiles, 4m. x 2^2 in. 

Top Rail,, 4in. x 

It is the general practice to divide the upper part of the 
sash into a number of smaller panes. This is done by putting 
in a transom (T) and bars (BR), as shown in the sketch, Fig. 
109. The glass should be fastened in the shop window sashes 
with beads, secured with screws, as shown in the sketch. In 
very large windows the best plan is to have the rebate for the 
glass on the outside; the heads being part of the moulding. A 
small bead or ovolo (BD) to match top mould of sill and to 
intersect with it is put round joint of sash with lining. The 
sash at each side of the entrance is of course made the same 
way, and either the two stiles mitred together at the corner, or 
an angle bar, as shown by sketch B, Fig, m, is 
put in. In modern work the bars are as small 
as possible, and are often covered with nickelled metal. The 
front of the casing of the girder forms a fascia, and is orna¬ 
mented with mouldings and capping piece. The space over the 
■area between the shop door and girder is usually ceiled with a 
framed and panelled soffit. If the shop front is unprotected by 
a verandah the capping of the fascia should be covered with lead, 
and flashed to the wall above. Revolving'shutters, formed with 
thin timber or iron laths hinged together, are used, for the pro¬ 
tection of shop windows. They are rolled up on a spring roller 
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into a space either under or in front of the girder which spans 
the opening of the shop front. The upper part of the large sketch,. 
Fig. no, siiows an example of the roller put under the girder. 
The recess is formed by keeping the soffit board down for some 
distance from the bottom flange, the fascia being deep enough to 
reach the soffit. The edges of the shutter would be guided up 
or down by running in a groove (GR) in the linings against the 



Fig. no. 
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piers. If in separate pieces,, for window and door entrance, the 
edges of the shutter are run in grooves in a column fixed at the 
angle of the sashes, or in a moveable vertical piece, which is 
taken down when the shutters are rolled up. 

583- The space behind the window sash in which the goods 
are displayed is cased in at the back with a partition put across 
in line with the entrance door, as shown by the plan in sketch 
Fig. ill. As a rule the partition is partly boarding and partly 
sliding sashes. The sketch C, Fig. iii, shows a section of such 
a partition. The top and bottom rails or plates are of 4m. x 2in. y 
while the sliding pieces for the sashes to slide between are 5j4in. 
x l%in. The upright boards are 4m. x iin. or 6in. x iin.,. ton- 
gued and grooved and beaded, and are kept in place at the ends 
between cvolo or Scotia mouldings nailed:to the plates and to the 
sliding pieces. The sashes (SS) are ij^in. thick, and slide 
between stop and parting beads on the sliding pieces, as shown 
by the sketch. The lower part of the sketch C, Fig. in, shows 
floor of the window coming up against the partition. Ihe 
height of the bottom of the sliding sashes is usually about 3ft. 
from the floor of the shop, while the sashes themselves would be 
about 5 ft. high. The partition would be carried either right up to 
the shop ceiling, or up to the level of the transom of the window 
sash, a window ceding being put over at this level. Ihe sketch, 
Fig. 109, shows a ceiling joist (J) of a window ceiling at the 
level of the transom. The partition carried up to the level of 
the transom of a window ceiling is the best, because the shop can 
be lighted and ventilated from the portion of the shop window 
above the transom. In large windows the sliding sashes are not 
used. A partition composed of 3m. x 2in. or 4m. x 2in. studs 
and rails, with upright boarding to a height of 6 or 7 ft., and 
the remainder of glass in fixed sashes being adopted instead. In 
such a partition access is got to the window space by a ledged 
door about ift. 6in. or ift. 9m. wide, put in the lower part. In 
shops such as chemists’, jewellers’, confectioners’, &c., where the 
fittings are of the cabinet work class, the casing in of the window 
space is done in a very much better style than just described, but 
the examples given are those used in the majority of shops. 

> 

SHOP COUNTERS AND PARTITIONS. 

584 Shop Counters.— 'Sketches A and B, Fig. 112, are 
examples of shop counters. Sketch B is a cross section of a 
plain counter, made with 3m. x 2in. framing, top about i^in. 
thick, with a thumb mould on outer edge, and a front composed 
of 4m. x 1 in. or 6in. x iin., tongued and grooved and beaded, or 
V jointed, upright boarding, finished at the lower part with a 
skirting. There are many methods of framing up the inside 
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frame, but the most common is to have a frame back and front, 
each composed of 3m. x 2in. top and bottom pieces and uprights, 
the latter being spaced about 4 feet N apart and tenoned into the 



former. The back and front frames extend each the whole 
length of the counter, and are connected together by cross¬ 
bearers, also of 3in. x 2in., placed top and bottom at the positions 
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of the uprights. The cross bearers are tenoned or dovetailed 
into the tops and bottoms of front and back frames. Cross bear¬ 
ers are also put in to carry the shelves. The inside has a floor 
about 4 inches up from floor of shop, and either one or more 



shelves between the floor and the top. I he sketch shows an 
example with one shelf inside. The sketch A is an example of a 
more elaborate counter. The framing of the inside is very 
similar to that of the plain kind just described, but the front is 
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framed and panelled work with a slope inwards towards the 
bottom. The thickness of the panelled work is about i^in., and 
the panels are J^in. thick with bolection mouldings. Sometimes 
the panels are raised as described in Art. 522, and shown by 
sketch O, Fig. 95. For detail description of framed work and 
finish of panels, see Arts. 518 to 522, and sketches A. 
B, C, and D, Fig. 95. Curved and fluted pilasters are planted 
on to and secured to the front at intervals of about 4 feet, the 
skirting of the lower part of the counter being returned round 
their lower portions. The top should be i^in. thick with the 
outer edge moulded. The sketch shows the principle of the 
general finish of such a counter. The design can of course be 
varied by having the front perpendicular, and straight instead of 
curved pilasters can be used. The usual height of a shop counter 
is 3 feet, while the width is about 2ft. 6in. Counters for special 
kinds of business premises are sometimes higher and narrower*, 
as for an hotel bar, while in other cases, though not being very 
high, they are very much wider, as for a bank. 

585 . The kinds of Timber used for counters are as follows:— 

Inside Framing: Baltic, Oregon, Kauri or Colonial Pine. 

Tops: Kauri, Cedar, Blackwood. 

Note.—The tops should be polished if possible, as paint 
will wear off. 

Fronts. Varnished or polished zvork: Cedar, Black¬ 
wood, Colonial Beech, Red Bean, and others of 
the fancy and figured Australian timbers. Kauri 
Pine and imported fancy timbers are also used. 
Painted zvork, Redwood, Kauri, Oregon, Baltic, or 
Colonial Pine. 

586 . Partitions — Onlv partitions used for dividing shops and 
offices will be noticed under this head, those for lath and plaster 
work, etc., having been dealt with in Art. 458. Common par¬ 
titions are made with 3m. x 2in., or 4m. x 2in. studs and rails, and 
upright 4in. x in., or 6in. x iin., tongued and grooved and beaded 
or V jointed boarding. The studs are placed about 3 or 4 feet 
anart and rails at bottom and top. If the partition is of con¬ 
siderable height intervening rails are put about 6 feet apart. The 
boards are secured by being let into grooves in the rails and studs, 
or with beaded fillets or mouldings at both sides, as shown in 
the sketch C, Fig. in. When the boards are let into grooves 
the edges of the studs and rails are either beaded or stop cham¬ 
fered. Partitions made on the same principle as above, but 
with the upper part composed of glass in sashes, the latter fixed 
with stop beads, are also much used and can be recommended 
where division, without excluding light, is needed. A better class 
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of partition, such as used for subdivision of office and counting' 
house rooms is shown by sketch C, Fig. U2. Such a partition 
would be composed of framed work about ij4 inches thick, the 
panels being either flat or raised, finished with either bolection 
or sunk mouldings. For description of framed and panelled 
work see Art. 492 ante , and for panels see Arts. 518 to 522 ante 
and sketches A, B, C, D, Fig. 95. In the example shown the upper 
panels are of obscured glass secured in place with beads. Skirting 
boards are put on each side at the joint of the partition with the 
floor. A partition like the one in the sketch C, Fig. 112, would 
be from 6 to 8 feet high and would have the top finished with 
a moulded capping piece. Sometimes framed and panelled par¬ 
titions are carried right up to the ceiling, in which cases they 
require to be stiffened at intervals with stout studs, the framed 
and panelled work being put in sections in between the studs. 

587- Timbers used for Partitions are as follows:— 

Common Partitions. Clear Pine, Baltic, Oregon, 
Kauri, and Colonial Pine. If sashes are in¬ 
cluded the timbers set out for painted work in 
Art. 549 are used. Moulding and beads are 
generally made of Redwood. 

Framed Partitions. Painted work : Baltic Pine, 
Clear Pine, Kauri, Redwood. 

Varnished or Polished Work : Cedar, Rose¬ 
wood, Blackwood, Colonial Beech, Kauri. 

ANCLE BEADS. 

588. Angle Beads. These are the roll shaped pieces of tim¬ 
ber (usually redwood) nut at the salient vertical angles inside 
the building to serve first as guides for the plasterer and per¬ 
manently as beads for the corners. They are not complete rolls, 
a quarter being removed so that they may fit on the right angle 
corners of the brickwork. They are nailed to plugs put in the 
brickwork at intervals of about 18 inches and should be per¬ 
fectly plumb. The plasterer finishes his work so that a quirk 
is left on each side, thus forming a returned bead at the corner. 
Timber angle beads are, however, not much used now. Plaster 
ovolos or heads are used instead, and are an improvement. 
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CHAPTER IX. 

DESIGN AND CONSTRUCTION OE STEEL STANCHIONS 
AND TIMBER STOREY POSTS. 

STEEL STANCHIONS. 

Notation.— The letters used in the various formulae will 
have the following meanings respectively:— 

S = Safe Strength in lbs. per sq. in. of Stanchion. 

A — Area in sq. in. of the cross section. 

1 rrr Moment of Inertia of the Section. 

1 = Length in feet of Stanchion. 

b & d = Dimensions of Section as indicated on sketches, 
f = Safe strength in lbs. per sq. in. of steel in compression, 
r = Least Radius of Gyration. 

589. Loads on Floors. —The loads to be borne comprise 
the material in the walls and floors above them, and also the 
loads to be carried on the floors. The weight of the walls and 
floors is a matter easily determined, but that of the weight to be 
carried bv the floors is a matter upon which there is some dif¬ 
ference of opinion. Most of the text books give loads which 
are altogether too much for private houses and public buildings. 



Fig. 113. 
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590 . Table J XXIV., page 167, gives weight for sq. ft. for 
ordinary loading of floors in different kinds of buildings. 

591. Loads in Stanchions Fig. 113 is the plan of a floor 
supported by girders having* stanchions under their centres. The 
shaded area, GHJK, shows the amount of floor and load to be 
supported by the stanchion M. 

592- Safe Load per sq. in on Steel After deciding the load 
to be borne by the stanchions, the next step will be to fix upon 
the safe load per sq. inch for steel in compression. This will 
be the value of f in the formulae. Table XXXI. gives the safe 
working loads per sq. inch that are to be put upon steel under 
varying conditions as provided for by American Building Acts. 
It is, however, very difficult to tabulate so as to meet all cases* 
The best method is to arrive at the working load per sq. inch by 
a calculation in which the principal factor is the proportion of 
the length of column in inches to the least radius of gyration. 

593 For columns where proportion oflength is undergo times 
the least radius of gyration, or 1/r, the safe load per sq. inch 
should be 12,000 lbs., and for columns over 90 radii the safe load 

12 x 1 

per sq. inch is arrived at by the formula 17,000 —57- in 

r 

which 1 = length of the column in feet, and r the least radius of 
gyration. 

594- Fixing Ends of Stanchions —The manner of fixing ends 
of the column has a bearing also on its strength. The old terms* 
“fixed ends” and “rounded ends” are hardly descriptive of the 
methods usually adopted for fixing the ends of columns or stan¬ 
chions. It is difficult to fix the end of the column as would be un- 

TABLE XXXI. 


Steel : Stresses in Pounds per Square Inch. 


1 

New York. 

Chicago. 

Boston. 



14,000 


Extreme fibre Rtress, rolled beams 
and shapes 

Tension 

15,000 

in foundations 
16,000 
16,000 

16,000 

15,000 

Compression in flanges, built 
beams 

Shearing . 

15,000 

0,000 rivets 

7 000 webs 

13,000 

0,000 shop rivets 
7,500 field rivets 
10,000 webs 

12,000 

10,000 

Direct bearing, including pins and 
rivets 

Bending on pins 

Modulus of elasticity 

15,000 


18,000 

22,500 

29,000,000 
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derstood by the description and sketches given in the usual text 
book. The best oractice is to define the methods of fixing as “square 
bearing” and “pin bearing”; square bearing meaning well pro¬ 
portioned flanges giving the column a good square bearing at 
both bottom and top. Pin bearing would be exemplified by the 
case of a strut in a roof, in compression, and having each end 
fixed by a pin or bolt. 

595- Formulae. —Though much attention has been given to 
the matter of inventing and arranging formulae for the calculation 
of the strength of stanchions, the matter has not, by any means, 
been reduced to a state of exactitude. In a column short enough 
in proportion to least diameter of cross section to fail by simple 
compression it is an easy matter to arrange the cross section 
large enough to provide sufficient compressive strength. In the 
case, however, of a column long enough to fail by bending, the 
matter at once assumes a complicated character. 

The following formula, known as Gordon’s, was used for 
many years for calculating the strength of columns:— 

A x f 

S =- 

(12 x lp 

1 + a- 

d* 

In the formula, a is a constant, determined by experiment, for 
different kinds of materials, and for various shapes of sections. 
It should be mentioned that in this formula the dimension d is 
the least diameter of the cross section. For instance, in the case 
of a column having a rectangular cross section, the value of d 
would be the short side of the rectangle This formula is, how¬ 
ever. not satisfactorily applicable to the steel stanchions of 
modern design. To meet the case American engineers have, 
after many experiments, improved the formula, for special appli¬ 
cation to steel. The formula for cases of steel stanchions with 
square bearings in its improved state is— 

A x f 


(12 xip 

1. _j_- 

3GOOO. r 2 

For pin at one end and square at the other the formula is 

A x f 

S -- 

(12 x 1)*, 

1 _l_- 

24000. r 2 

For pin bearing at both ends the formula is:— 

A x f 

' ~ (12 x ip 


18000.r 2 
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As noticed in the list of letters at the beginning’ of the paper 
r == the least radius of gyration of the section. 


596- Moment of Inertia. The determination of the value 
of the least radius of gyration for any particular section is 
somewhat tedious, but, nevertheless, must be understood, for 
it probably will be required to be undertaken in most cases. In 
determining this value it is necessary, first of all, to arrive at 
the Moment of Inertia of the cross section. It is not easy, in a 
few words, to give a definition either of the Moment of Inertia 
or the Least Radius of Gyration. For any particular section, 
the Moment of Inertia is the sum of the areas of all its individual 
parts multiplied by the squares of their respective distances from 
the natural axis of the section. 


A practical application of this to a rectangle is given by the 
formula:— 


b d> 


x =- 

12 


in which d = the short side and b is the other; the neutral axis 
being taken in the direction of the long edge of the triangle. 


The Moment of Inertia of a section may be obtained by 
multiplying the section modulus by d/2. The section modulus 
will be found described in the chapter on beams and girders. 

bd 2 

The section modulus for a rectangular section is:—-. There¬ 
fore :— 6 

bd 2 d bd« 

6 2 12 

which is the Moment of Inertia for a rectangular section as 
previously noted. The section modulus may be found graphi¬ 
cally for all sections, and for a complicated section this will be 
found the easier method. 


597. Least Radius of Gyration.— By dividing the Moment 
of Inertia by the area of its section, the square of the Radius of 
Gyration is obtained. The reader is referred to the chapter on 
girders for more information as to Radius of Gyration. 


Then 


l 




and 



A 


A 
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t? tj d 


i 


t7= r" 
d =?4 
t? =22-8 
f =21 • 6 

I = -5 



Fig. 114. 


For an H section, as shown by Fig. 114, the formula 
becomes: - 

X = b» (d - h) + ft* + 

F> 

and 




598. Application of Formulae. —The formulae given above 
may be applied as follows, to the case of a steel stanchion 20 feet 
long, and having a cross section, such as shown by Fig. 114. 
Moment of Inertia of section = 


I = 


V (24" 


22*8") + 21*6" x 


• 5 3 " 


+ 



- -5 4 " 
24 


= 42-86 


12 


The area of the section is 23.3 square inches. The least 
Radius of Gyration may therefore be obtained. 




42-86 

23-3 


= 1-36 
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In this case the column is longer than 90 radii, therefore the 
formula given in the early part of this chapter must be used to 
determine the value of f, i.e., the working load per sq. in. to be 
used in the formula for arriving at S. 

The formula is— 

12" x 1 

f = 17000 - 57 

(12" x 20) 

= 17000 - 57 — 

1*36 

= 0040 lb 



b. 
b" 

i?'“ 

c. 


= 10-62 
= 4-36 

= 6-5 
= 5-5 


Fig. 115. 


Applying the formula for the strength of the column as fol¬ 
lows the safe strength in lbs. is determined. 


23-3 O" x 6340ft 

- = 86701 tt> 

S = (12 x 20) 2 

1 - 

36000 x 1*36- 


H 99 . Z Box Stanchion. -Fig. 115 is a section of a built 
stanchion 20 feet, made from four Z bars rivetted together with 
two rows of rivets. In this case— 


b<P‘ - (b" d 8 " + b'" d») 


12 

10 02 x 0-5» - (4-30 x 5*5 ! ‘ + 5*25 x' 6-5" 


62*44 


12 
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The area of section, minus the rivet holes, is 15.6 sq. inches, hence 




15.6 


Having- obtained the value of r, the strength- of the column 
may be obtained as follows. Take the value of f determined 
by the formula as 10,160 lbs. 


15*6 x 10160 


S = (12 x * 20) 2 

1 H- 

36000 x 2 2 

= 113211 It) 

The limit of safe apolicability of the formula for the value 
of S given by these formulae is reached when the length of the 
column in inches is 125 times the least radius of gyration. If 
beyond this, a column carrying a heavy and important load should 
be cross braced by lateral supports, or else a larger section giving 

12 x 1 

a value of r to make the proportion of-= 125 or less. 

r 

The ratio J. for the H section stanchion to which the formula 
was applied in Art. 598 ante , exceeds the limit. 

600* Construction of Stanchion.— The rivets to hold the 
members of the stanchion together should be spaced at centres 
apart of not more than 16 times the thickness of the parts joined. 
The holes for the rivets should be drilled rather than punched, and 
portions to be joined should be drilled together, not separately, 
for, unless the greatest exactitude is attained when drilling each 
member separately, the holes will not coincide, and had con¬ 
struction will result. Machine rivetting is more effective than 
hand work, and as far as possible should he adopted. 

601. Ends of Stanchions —It is a matter of the greatest im¬ 
portance that the ends of the stanchion should be quite square 
with the axis. To arrive at this result it is necessary to put 
the stanchion, after the members are rivetted together, in a lathe 
—the axis of lathe and stanchion exactly coinciding—and to 
turn the ends in a plane at right angles. The bearing surfaces 
of the top and bottom plates should be planed quite true in a 
planing machine, otherwise it is difficult to be certain of the ends 
of stanchion fitting well to them. A point which may exercise 
the mind of the designer is as to whether the vertical members of 
the stanchion are likely to be forced into the top and bottom 
plates. This is not likely to occur, for the section large enough 
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to provide strength in the stanchion against bending under the 
load, will be found to have more than enough of bearing area, 
top and bottom, on plates to be quite safe against bearing stress 
- — taking the safe bearing strength as 20,000 lbs. per sq. inch. 

602- Sections of Stanchions. — There is a great variety in 
the form of the sections for built stanchions. In the selection 
of the particular kind of section, four points of importance will 
require attention. First of all, the possibility of easilv obtaining 
the particular section; next the amount of shop work required, 
such as drilling and rivetting; then suitability of the section for 
the connection of girders to it ; and, lastly, the opportunity which 
the section gives for bringing the bearing of the girder as near 
as possible to the axis of the column. A number of sections 
are used in American practice. Some of them are conspicuous 
by the number of rows of rivets required to connect the parts 
of the stanchion together. One of the most noticeable in having 
few rows of rivets is that of the Z section in which central plate 
and Z’s are connected together by only two rows of rivets, 
whereas in some of the other sections there are as many as 10 
rows. The sect ; ons most commonly used are H section steel 
joists, channel bars with either lattice bars or plates, and the Z 
bars made up as shown in Fig. 115, or with the addition of plates 
on outside. The phoenix column made of bars each having as 
section part of a circle were also much used, but have the dis¬ 
advantage of a large number of rows of rivets. For small 
stanchions carrying light loads, a very useful section is formed 
of L’s connected back to back and forming a cross in section. 

603 - Eccentric Loading of Stanchions. — It must be under¬ 
stood that eccentric loading of a column should, if possible, be 
avoided. Loads on one side onlv, especially in case where the 
connection of the girder is at a distance, form the axis of the 
column are instances of eccentric loading. Extra allowances 
of strength (not very easily determined, unfortunately) should 
be provided in such cases. The nearer the girder connections 
to the centre of axis of the column the better, as the effect of 
eccentric loading is reduced under such circumstances. The 
connection of girders to the connecting plate and inner sides of 
Z’s in a Z column would be an example of fixing the end of girder 
as near the axis of column as possible. 

Fig. 116, which shows some bases and caps for stan¬ 
chions, will illustrate the methods adopted to . connect 
V and gusset plates the vertical portions of stanchion with 
the end plates. 
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In cases where stanchions 
are placed one above the 
other, it is best to make 
them continuous by join¬ 
ing them with side plates 
and rivets as shown by Fig. 
117, father than to fit each 
with a cap, after the style 
shown by Fig. 118. When 
made continuous, the butt 
joints and splice plates are 
put just above where 
the girders are connected to 
the sides with angle brackets 
or stools. These stools are 
easy to design. As will be 
obvious, the principal point 
to be attended to is to pro¬ 
vide sufficient rivets at the 
joint with stanchion to pre¬ 
vent failure by shearing. 
For instance, in the case of a girder having a distributed load, it 
will be known that half of the weight of girder and load on it 
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Fig. 118. 


will be transmitted to the stanchion by means of the rivets which 
hold the stool. Taking the safe shear of steel rivets as 10,000 
lbs. per sq. in., it will only be a matter of providing sufficient- 
area of rivets to withstand the shear due to half the girder and 



-,r 


SIMPLE ANGLE STOOLS AND TOP CLEATS TOP I BEAMS. 




BUILT STOOLS AND TOP CLEATS POP I BEAMS 



Fig. 119. 


its load. It is usual to put top cleats on the girder as shown by 
the drawing in Fig. 119. Fig. 120 is a perspective view of the 
connections of girders to different sides of a Z stanchion. 
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604. Interiors of Stanchions.— In cases of stanchions or 
closed sections, the interiors should be well painted with a good 
oxide paint prior to the putting on of the last plate or member. 
In this respect the closed section presents one of its disadvan¬ 
tages, for it will always he a source of anxiety to the architect 
to have the interior so painted as to relieve him from all fear of 
its becoming oxidised, and consequently dangerous. 

605- Setting of Stanchions. The proper setting of the 
column or stanchion on its template or bearing, and its placing in 
a perfectlv vertical position is one of not the least important 
matters that need the attention of the architect. Some of these 
steel stanchions carry colossal loads, varying from a few to hun¬ 
dreds of tons—one instance at least is known of a column in a 
modern building carrying 1,700,000 lbs. When one remembers 
that the least divergence of the axis from the perpendicular will 
seriously lower the carrying efficiency of the stanchion, it will 
be clear that great care must be taken in setting a column, es¬ 
pecially when its load is great. A method adopted in the case 



of columns having great weights to bear, is as followsThe 
column is first placed approximately upright on its foundation. 
Small wedges, about 3m. long by J /<in. wide, and y^in. at thickest 
portion, are then driven as required between the template and 
the under side of base. By means of these wedges, carefully 
driven, and a plumb line, the adjustment of the column to the 
perpendicular may be arrived at with the greatest nicety. Cement 
grout is then run in under the base. Great care must be taken to 
see that the grout is forced to fill up all the space under the 
base. 
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606 - Table XXXII. gives sizes, areas of cross sections, 
and safe strengths of steel T’s suitable for struts in steel roof 
construction. 


TIMBER STOREY POSTS. 

607 - Notation :— 

S = Safe strength of stanchion in lbs. per sq. inch. 

A = Area in sq. inches of cross section. 

1 == Length of post in feet, 
d = Least side or dimension of cross section, 
f r=r Safe strength in lbs. per sq. inch of timber in com¬ 
pression. 

608 . Posts having a length not exceeding 12 times the least 
cross section dimension will fail in compression, and will not need 
the application of the formula. Those over that proportion are 
liable to fail by bending and their strength can only be determined 
by the following formula:— 

A x f 
(12 x 1)- 

j _l_- 

1100x d 2 

The formula should be applied only to cases where the pro¬ 
portion of length to least cross dimension does not exceed 30. 

609. The following is an example of the application of the 
formula:— 

Find safe load for a strut or post 6 feet long and 5 inches 
by 6 inches in cross section. 

A = 5x6 = 30 sq. inches 

1 = 6 feet 
7125* 

f = -= 1425 IT) 

5 

d = 5 inches 


Then: 

30 x 1425 

S = - 

(12 x 6) 2 

I -f~ -= 16 tons 

1100 X 5 8 

Tallies XXXITI. to XXXVTI., inclusive, give safe loads for 
different kinds of timber used as columns. 


* Ultimate strength of Oregon in compression from Table XXIII., page 152. 
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TABLE XXXII.* 

SAFE LOADS IN TONS FOR TEES AS STRUTS 
WITH ENDS FIXED. 


Length in Feet. 


Size and 
Thickness. 


e X 4 

If If 

n n 

13 x 3 
»» 

5 x 4 

»i »• 

5 x 3 

4 x 4 

J J * * 

4x3 

I 9 9 

3b x 3b 

3 x 3 

M »> 

3 x2J 

2} X 2J 
-»> >» 

»» »» 

2J x 21 

2x2 
* • 1 > 

2 x 11 

II x 2 
»» »» 

If X If 

>J »» 

n x u 


x 3 
4 


x 3' 

41 

3 


x 3 

.JL 

X 3 

1 

X 3 

i 

X 3 

1 

x 3 

i 

x 3 

4 

x i - f 
tW 


x i 

8 

x 1 

8 

x J 

8 

x i 

tV 
X J 

T£ 

x .4 


2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

•2 IT ) 

21 *1 

20-5 

19*9 

19 1 

18 2 

17 2 

16*2 

15 0 

12*5 

| 28 *2 

27 7 

2 ( 3*9 

26*1 

251 

23’8 

22 (3 

21 1 

19*5 

16*3 

34*7 

34 0 

33*2 

32 1 

30*8 

29 3 

27*7 

25*9 

23*8 

19*9 

190 

18-3 

17*4 

16*2 

14*9 

13 4 

11 8 

10*4 

9 1 


i 24*8 

23-9 

22*7 

21 T ! 

19*4 

174 

15 *3 

13 4 

11 8 


30*5 

29*4 

27*8 

25*9 

23 7 

21 T 

18 5 

16 2 

14-2 


19*2 | 

18-8 

18*3 

17‘6 

16-8 

15*9 

14 9 

13*8 ! 

12 6 

10*4 

25*2 

24 7 

24 0 

23*2 

22 *2 

21 0 

19*8 

18 4 ; 

16*8 

14 0 

16*8 

16*2 

15*5 

14-5 

13 4 

12 2 | 

10*9 

9’6 

8-5 


21*9 

21*2 

20*2 

18-9 

17*5 

15-8 

14-0 

12-4 

10*9 1 


1(37 

16*2 

15*4 

14*4 i 

13*3 

120 

10*7 1 

9 4 

8*3 


21*9 

21 *2 

20*2 

19*0 

17-6 

16*0 

14*2 1 

12*6 

111 


14*6 

14’1 

13*6 

12*8 I 

11*9 

10 9 

9*8 

8 7 

7*8 


190 

18-4 

17*6 

16*6 

15*5 

14 2 

12*7 • 

11*2 

9*9 


14*4 

13*8 

12*9 

11 *9 

10*7 

9-3 

8*1 

7*0 



18*9 

LSI 

17-0 

15 7 

14-2 

12 5 

1 10 8 

9*4 



12 1 

11*4 j 

10-4 

9-3 

8*0 

( 3-8 

; 5-7 




15-8 

14 9 

13*7 

123 : 

10’7 

9 1 

1 7*7 




110 

10*5 

9*7 1 

8*7 

7*6 

1 6 5 

; . v « 




144 

13*7 

12-7 

11 *5 l 

10*1 

i 8-7 

i 7*4 



... 

6 7 

6*1 

1 5*3 

4*4 

3 (3 



... 


... 

8*2 

j 7’5 

i 6 (3 ! 

5*5 

4*5 





... 

9*7 

1 8 - 9 - 

i 7*9 

( 3-6 

5*4 




1 

... 

5*9 

5*2 

4*4 

3*6 

2 8 






8*6 

7*7 

(3 6 

5*4 

4*3 






5 1 

4 4 

3 o 

2*7 







7 4 

6*5 

5*3 

4*1 







4*4 

3*9 

3*2 

2*5 







! (33 

5*5 

4*5 

3 5 







3*9 

2*9 









! 4-8 

3*6 









4*3 

3*5 

2*7 








j 5 2 

4‘4 

3*4 








3-4 

2*6 

1*9 









- By permission from Messrs. Dorman, Long and Co.’s Catalogue 
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CHAPTER X. 

DESIGN OF BEAMS AND GIRDERS. 

SHEARING STRESSES. 

610* Principle of Shearing —The tendency of the fibres of 
a solid timber beam or the component parts of a steel girder to 
slide upon each other horizontally, may be demonstrated by 
placing some planks of equal length upon each other, the whole 
being supported as a single girder and loaded as shown by upper 
diagram, Fig. 121. Provided that the load is sufficient to make 
the planks deflect to a noticeable extent, it will be found that 
the ends which originally coincided are no longer coincident, 
but project beyond each other, as shown by the central diagram, 
Fig. 121. This displacement at the ends will be due to the 

\A 1 

1 

fi - - P 


ZS -zS 



Fig. 121. 


sliding of the adjacent surfaces of the planks upon each other. 
Were the beam a single one instead of being composed of planks, 
there would still be a tendency to slide, and were the fibres not 
strong enough to resist the sliding tendency there would be a 
longitudinal crack as the result. As a matter of fact, timber 
beams very often fail under this shearing stress, as it is called. 
It is the same stress that tends to shear the rivets which connect 
the L’s of a girder to the web or flanges. 

611- In addition to these horizontal shearing stresses, there 
are vertical shearing stresses of equal magnitude tending to 
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shear tfie beam or girder in vertical planes illustrated by the 
lower diagram in Fig. 121. This diagram represents a girder 
supported at both ends and loaded with a load Wat centre. The 
shear occurs, owing to a want of balance in the forces, acting 
on the girder. The piers each have to exert a reaction equal to 
W 

that is to say, each end of the girder will bear half the load 

on to a pier; this load or force is indicated by F. This force 
is balanced exactly bv R. There is then a third force W, which, 
unless the material of the girder be strong enough, will be without 
balance, and will shear the girder down through two vertical 
planes, either at the faces of piers or at other places. The shear 
obviously through either of the two vertical planes will be W, 
W 

or This force, it will be found, is equal to the reaction force 
2 

R. Briefly then, it may be stated that the vertical shear at face 
of any bearing will be equal to the reaction at that pier. 

Forces in diagonal directions are resultant from the horizon¬ 
tal and vertical shearing stresses. Fig. 122 shows one end of a 
beam and its support. A square A E F C is marked on the 
side of the girder in the upper diagram. When the girder is 



Fig. 122. 


deflected owing to action of load, the square is turned into a 
shape like a rhombus, so that the diagonals A F and E C are 
altered in length. In the lower diagram this rhombus, owing 
to deflection of the girder, is shown. It will be noticed that the 
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diagonal A' F' is longer, and E' G' shorter, than before the 
deflection. It can be demonstrated that these diagonal forces 
are equal in intensity to the horizontal and vertical shearing 
stresses which produce them. The diagonal forces of compres¬ 
sion tV tend to buckle webs of steel girders, while those of 
tension F / tend to tear concrete beams. These forces need 
to be adequately resisted. 














AUSTRALIAN BUILDING PRACTICE. 


281 


BENDING MOMENTS. 

612. Reactions and Bending Moments. —The Fig. 123 is a 
diagram of a girder A B, having a load W and span T v . The re- 

W 

actions are each equal to since W is at the centre O. It may 

2 

be assumed that the centre of the girder O is fixed by W, and 
that the forces of reaction R and R f tend to bend the girder 

upwards about the point O. Each reaction force will have the 

L 

advantage of a leverage equal to of L, or — in making its 

2 

effect at O. The effect at O will be one of the reactions (R' 

L 

for example) multiplied by its leverage, —* That is to say, the 

2 

L W 

effect of R / about O will be R ' x — , or since R/ = —, the 

2 2 

W L WL 

effect will be — x —, which is =-. This effect is called the 

22 4 

moment of the reaction about O, or more generally the bending 
moment of the load W. Either reaction may be taken to obtain 
the bending moment, and one is sufficient. In the equations 
which follow the term bending moment will be abbreviated to 
B M. The B M will be either inch lbs., or inch tons, according 
to units of length and weight used. 

613- Formulae for Bending Moment and Shearing Stresses. 

—The formulae which follow give the maximum B M in each 
case. It is, however, at times very desirable to know the 
bending moment at other places than the maximum point. The 
B M at any other place than the maximum can, of course, be 
calculated, but it is by far the most convenient to obtain such by 
means of a graphic construction called the diagram of bending 
moments. The shape of diagram for each kind of loading will 
be referred to when describing the bending moments for these 
loadings. Figs. 124 to 129 inclusive, are diagrams showing 
various positions and kinds of loads on cantilevers and beams. 
Fig. 124 shows a cantilever with a load W and projection of L. 
The reaction here will be W and leverage L, so that max. B M 
== W L. The diagram of B M's will be obtained by setting up 
max. B M to any scale at A C. Then a triangle having A C as 
one side and the projection L as a base will be the diagram. A 
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c 



F Q 

Fig. 124. 


vertical line from any point on cantilever to meet sloping side 
of triangle will give the B M at that point. The vertical line 
must, of course, be measured to same scale as max. B M was set 
to. The rectangle D E F G is the diagram of shearing stresses. 
The shear in this case is = W at any point of the cantilever. 

Fig. 125 shows a cantilever with a distributed load. Tn 
the example the load will act through the centre of gravity, 

L 

hence the leverage will be — so that the max. B M will be 

2 

L WL 

\V x — =-. The upper side of the diagram of B M’s will 



2 


2 
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Fig-. 126. 


t>e half of a parabola. The shearing stress diagram will lie 
a triangle. Fig. 126 illustrates a beam with a central load when 

WL 

as before described the max. P> M will be . The diagram of 

4 

BM’s will be an isosceles triangle A F> C having its altitude equal 
WL 

to-. The shear diagram is a rectangle D E F G, with ver- 

4 

tical dimensions equal to reactions R or R A beam with 
•distributed load is shown by Fig. 127. The reactions here are 


W 

also equal to —, but each half of the load acting through its 
2 

L 


-centre of gravity has a leverage of only . Therefore max. 


4 

VV L WL 

B M = — x — =-. The diagram of bending moments is 

248 

WL 


a parabola having a height of max. P> M i c ., -. The method 

8 


•of drawing half of the parabola is indicated on this drawing. 
Briefly, it consists of drawing a horizontal line from the top of 
the max. B M line to intersect a vertical line from the face of 
pier. The latter line and the half span are each divided into 
the same number of equal parts. Vertical lines are drawn 
from the points of division of the half span and lines are also 
drawn from points on vertical line to point B. The intersec¬ 
tions of these lines will give, as shown by the drawing, points 
in the curve of the parabola. For this example of loading the 
shear diagram is composed of two triangles, only one of which 
need be drawn, 
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614. Fig. 128 is an interesting case, being one where the 
load is concentrated, but not central. Here the reactions R and 
R ; are not equal. The reactions are respectively portions of 
W, which bear to each other the same proportion that the lengths 
Z and Y of the span h are to each other. The proportion of 
R will be found by dividing the load W by the span to ascertain 
the load per foot and multiplying this by the length of Z. The 



Pig. 128. 
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WZ 

reaction at R will therefore be -. The leverage of this re- 

L 

action will be the length of Y. Consequently the max. R M 
WZ WZY 

will be = —— x Y = -. The other reaction R 7 could 

L L 

be taken with its leverage Z and the same result obtained. The 
diagram of B M’s will be understood from what has already 
been written, but the shear stress diagram needs a word. It is 
composed of two rectangles, each equal in height and the reaction 
on its side. Fig. 129 will serve as an illustration of th£ cases 
where a girder has more than one kind of load. In the example 


B 



a distributed load and eccentric concentrated load are combined. 
It will be seen that max. B M for each load is obtained and the 
diagrams of B M’s formed base to base. A perpendicular 
through both at any point will give the total B M at that place. 
The shear diagrams are also combined in the same way. 

The foregoing is a brief description of the effects due to 
the external forces of the loads and reactions. These forces 
are the forces tending to destroy the beam or girder. It now 
becomes necessary to investigate the forces belonging to the 
girder which are brought into action to resist this tendency to¬ 
wards destruction. 
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MOMENTS OF RESISTANCE. 

615. Moments of Resistance. —Fig-. 130 shows two views 
of a rectangular beam with a load W, and reactions of R and 
R The lower view shows the beam in collapse turning about 
the point O at the centre. The fibres above the neutral axis 
are in compression, these below are in tension. The dotted 
circular arrows indicate the direction of the two halves of the 
beam about the point O due to the turning effect of the external 
forces W, R, R 1 . The fibres at this central vertical section of the 
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beam must be able, by their tension and compression strength 
and by their leverages about O, to resist the turning effect of 
the external forces. The investigation of their ability in this 
direction may be studied by the aid of the diagrams in Fig. 131, 
which are respectively a section and portion of side of a rectan¬ 
gular beam. On the side view the compression and tension 
stresses are indicated by the arrows R and Q. The internal re¬ 
sisting forces of the beam are indicated by the arrows of graduallv 
increasing length from O upwards and downwards. They are, 
of course, indicated as opposite in direction to arrows R and Q. 
These internal forces of the fibres have unequal leverages since 
they are at different distances from the centre of the beam. Con¬ 
sequently they are not of equal value in resistance when their 
moments about N A are taken. As a matter of fact, they are 
only of value in direct proportion to their distance from the 
centre. A layer X Y for example, being half wav from centre 
to upper surface of beam is only half so strong as the upper 
layer O R. The graphic representation on the value of the 
layer X Y can be obtained as U V by cutting off with- lines 
drawn from the upper layer to the centre S of the section. The 
value of all other layers may be shown in the same way. 

It will therefore be clear that the values of the fibres may be 
indicated by the triangle O R S, in the upper half of the sections, 
and by an equal triangle in the lower half. The upper triangle 
contains the area of fibres useful against compression, while 
the lower triangle shows area of the fibres to resist tension. The 
area of either triangle will be obtained by multiplying the base 

d b d 

by half the height, that is b x — •=-• The force value of 

4 4 

this area may be obtained by multiplying it by the co-efficient 

of transverse strength. Let f equal this co-efficient. Then 
f I) d 

- = the value of the fibres in a direction along the beam. 

4 

But this force will have a leverage about the N A, or neutral 

axis of section. The group of fibres in the triangle O R S 

f b d 

represented by the value - will act in a line through their 

4 

centre 6f gravity. The centre of gravity of a triangle will be 

2 

at a point on the altitude — down from the apex. This 

2 32 
distance — of height of triangle will be equal to of depth 

3 6 
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2cl 

of beam, which may be written — • 

6 f b (1 2 d 2 f b iY 

The force value of fibres x leverage =-x -=-, 

f b d a 4 6 24 

or -> which is the M R of the upper fibres. The lower triangle 

12 

will have a similar moment of resistance, and must be added 
to that of the upper one. 

f b d 2 f b d 2 

Hence-x 2 =-. The forces of upper and lower 

12 6 

triangle are equal and have combined effect to produce motion 
round the centre line or N A of section of beam, hence they 
form a “couple,” in which case one force may be taken and mul¬ 
tiplied by the distance betwen the centre of gravity of both 
forces. 

fbd 

One force =-and the distance between the centres of 

4 

• 4 

gravity of both is— of d. 

6 

fbd 4 d 4 f b d a 

Then —— x — = - . 

4 6 24 

f b d 2 

By concellation we obtain -, a similar result to that 

6 

obtained by taking each triangle separately. 

616. Section Modulus. — By omitting f from the expression 
bd 2 

we obtain the value — which is called the Section Modulus. 

6 

I he section modulus for any cross section may be deter¬ 
mined graphically as follows:— 

The hollow square MNDC, Fig. 132, represents the cross 
section of a box girder. The centre of gravity of the section 
will be the centre O of the whole section. The neutral axis 
N A passes through the centre of gravity. Lines drawn from 
the corners C and D to the centre O will cut the line P Q in the 
points E and B. The space EBDC will indicate the effective 
area of the top portion P Q D C of the section. The effective 
areas of sides of the section must now be found. Take the 
half I 2 Q B of the right hand side. By projecting the lines 
u 
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of the sides up to the top of the section, and then drawing lines 
from these projected points on the too line to the centre O, a 
space OAB will be obtained, which will be the effective area of 
the half i 2 0 B of the right hand side of the section. The 
other side may be determined in the same way. The effective 


c 


D 




_ _ 


Fig-. 132. 
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area of the upper half of the whole section is thus found. 1 his 
effective area is darkened by close ruled lines on the drawing’. 
The centre of gravity CG, of the figure, representing the effec¬ 
tive area must next be found. If the weight of the effective 
area shape be divided by the weight of one sq. inch, the result 
will give the number of sq. inches in the effective area. The 
number of sq. inches of effective area, multiplied by the leverage 
cl ' will give the section modulus, and if the section modulus be 
multiplied by f, the safe strength of the material, the safe 
moment of resistance will be found. 

In the lower portion of Fig. 132 a cross section of a hollow 
circular shape is given. The effective area and section modulus 
is obtained on the same principle as described above. Lines are 
drawn touching the top and bottom of the section. The top one 
is marked EF. Each point in the outline of the effective area 
shape is obtained as that marked C. First a point is taken on 
the outline of the cross section. Let point A be an example. 
A vertical projector is drawn from this point to give B on EF. 
A line is then drawn from I» to the centre O of the section. 
This latter line cuts a line from A, parallel to NA, and gives C 
one of the ooints in the outline of the effective area. A 
large number of points are so taken, and from these 
the outline of the complete shape of one half of the effective 
area determined. The centre of gravity, distance cl \ and area 
are then found just as in the case of the square, and with these 
data the section modulus, and if necessary the moment of re¬ 
sistance will be determined. Any shape of cross section may 
be so treated on the same principle. 

The section modulus multiplied by half the depth of section 
gives for a rectangle— 

bd- d bd :; 

6 2 12 

which is the Moment of Inertia of the section of a rectangle. Con¬ 
versely it follows that the Moment of Inertia multiplied by f and 
d 

divided by — gives the Moment of Resistance of the section as: 

2 

bd :J d i bd- 

12 2 6 

or 2 L M R 

d 

2 

in which I equals Moment of Inertia. 

This leads to another very important matte 1 w hich it is piopei 
should be touched on here. 
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Suppose that all the fibres of the section were made into 

A 

two very thin layers, each of which accordingly would be —, 

2 

These layers, which of course would be very wide, could be 
placed one on each side of the neutral axis, and at a distance there¬ 
from of r on each side. If the stress on extreme top and bottom 
fibres of original section be represented by f, the proportionate 

_t’r_ 

value of the fibres in the thin section would be d and the 

2 

Moment of Resistance of these thin layers would be— 

A fr Afr- 

2 x x ■— x r, or —■— 

2 d d 

2 2 

Now r could be at any distance, and the Moment of Resistance 
would vary accordingly, but it might be such that the Moment 
o' Resistance of the layers would be just the same as the Moment 
of Resistance of the original section. 

Afr 2 fbd 2 


2 


Instead, however, of putting the Moment of Resistance in 
i r r fbd ‘ 2 . . fl 

the form of we may write it —- in which way the 

equation would appear— 

Afr 2 fl 

d = d 
2 2 


This simplified = Ar a = I. 
From this we find that— 

r 2 


I 


A 


and 


r 


/I 

V a" 


This particular length of r is called the Radius of Gyration. 
Obviously it will be less in length for any section where d is the 
least dimension of cross section, for such a case it is called the 
least Radius of Gyration. Tt is a dimension of importance in 
determining the strength of columns, as will be seen by a study 
of chapter X. 
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617- Application of Formulae to Timber Beams. —The co¬ 
efficient f of transverse strength, called also the modulus of 
rupture is obtained by experiment on beams loaded tranversely; 
when, knowing the breaking load, the soan and breadth and 
depth of the beam, the value f can be found by the formula 
presently to be given. It may, however, be stated that to be 
exact the proportions of the experimental beam in depth and 
breadth should be in the same ratio as the beam to which the 
value f is to be applied. The difference, however, is not great, 
and the error is generally neglected. 

By equating the bending moment and moment of resistance 
some very useful formulae may be obtained. 


Since B M = M R it follows that for a beam loaded at 

, . WL f b d 3 , f 

centre, the equation will be = r - ■ > and that 

4 13 

f b d - L f b d - 4 2 f b d 2 

" , • i -11, • 


also that f 


WL 


4 


b d 2 WL 6 , 3 W L 

6 4 X b d - 2 b d - 


The formulae may now be applied to the case of a timber 
beam with a central load. 

Let L span ;= 15ft. or i8oin. 

Let W = 8 tons of 17920 lbs. 

Let f — 4000 lbs. safe load for ironbark. 

Let d = 12 in. 


to find it. 

Then since 

b x 
b = 
b - 
b =■= 

2 x 


WL 

4 

WL 

4 

fd - 
* 6 

6 6 WL _ 

* fd v = 4 f d - 
] 7 ^ 2 ° _L_ 1 8 ° [ . g.^" 
4000 x 144'' 


that it is required 


WL 
2 t d - 


Assume that breadth is not known and 
f b d 2 


jfd 2 
6 

WL 

4 

WL 

4 

*1 x 


In the same way it may be shown that d will be 12m. in 
the above example. 
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Tlius- 


d- 


d - -•= 


fb _ WL 

6 _ 4 

WL fb 
4 ' 6 

r)2 6_WL 3 WL 
4 f b ~~ 2 f b 
3 x 17920 x 1 So 
2 x 4000 x 8 4 


J 44 


ci = j 1 it = 1 2" 

We may have span depth and breadth and require to find 
the load that the beam will carry. 

The formula will be— 

WL f b d 3 
4 6 

L _ f h d - 

4 6 

f b d - L 

6 * 4” 

4 f b d 2 


W 


W = 


w - 


6 L 


2 f b d - 

3 L 


Assuming 


same data as before the working will be- 
2 x 4000 X 8 4 x 144 
3 x 180 


W - 


17920 lbs. 

The resistance <4 the beam to shear may now be ascertained. 


VV 


The total shear = — 


8960 lbs. 

Hence the shear per 


17920 
2 

The depth of the beam is one foot, 
foot vertical and horizontal will be 

8S T = 8 9 6o lbs. 

A layer of the beam 1 foot Ion'4 will have a cross section 
area of 12m. x 8.4m. = 100.8 sq. in. Ironbark will stand a 
safe shear of 500 lbs. per square inch. Then 100.8 sq. in. x 
500 lbs. = 50400 lbs., so that the beam will stand 50400 lbs. for 
every foot run, whilst it only has to stand a shear of 8960 lbs. 
per foot. It can be demonstrated that the strength of a bead 
increases as the square of the depth, but only directly as the 
breadth. It follows then that it is desirable to have as much 
depth as possible. In large timber beams it is not always 
possible to get sufficient depth in one piece of timber, and it 
may be necessary to put one piece on top of the other. If the 
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pieces so placed be not rigidly connected they will have no more 
Strength together than twice the strength of one. This is 
because they will slide owing to the horizontal shearing stress 
along* the joint of the two. If blocks he inserted along this joint 
plane so as to project into both timbers and so prevent them 
sliding, the beam can be calculated as a solid piece of timber. 
These blocks must be designed to resist the horizontal shearing 
stress . 

Fig. 133 shows sections and portions of two I2in. x I2in. 
beams, one on top of the other. It is required to find the 
number of 2in x 2in. ironbark shear blocks which will be re- 



Fig. 133 - 


quired along the joint of the two beams, so that the combination 
may be treated as a single girder. 

Fet it be supposed that the load on the girder is 48,000 lbs. 
distributed. The total shear will be 


W 48,000 


The shear per foot will be 


24.000 = lbs. 


24 000 lbs. 
2 feet 


] 2,000 lbs 


Each block has an area of I2in. x 2in. = 24 sq. in. 
Ironbark will stand safe shear of 500 lbs. per square inch. 
The 24 sq. in. x 500 = 12,000 lbs. 


Therefore, since the shear per foot is 12,000 lbs., one 
block per foot is required. It must not be forgotten, however, 
that the cutting of the blocks will reduce the effective area of 
the section of the beam, so that the beam will not be quite as 
strong as a beam 24 inches deep. 

018. Tables giving Safe Loads for Timber Beams, —Tables 
XXXVIII. to XLT. give safe loads for timber beams of 
various kinds and sizes: 
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TABLE XXXVIII. 

Safe Distributed Loads in Tons for Tallow-Wood Beams of Varying Spans 


Cross 
Section in 
Inches. 

10 

12 

14 

Span in 

16 

Feet. 

18 

20 

22 

24 

9 X ft 

12*258 

10-215 







9x9 

18-790 

11-492 







10 x 8 

15*134 

12-611 

10-810 






10 x 10 

18-917 

15-764 

13-512 






12 x 8 

21 792 

18-160 

15-566 

13-620 





12 x 9 

24-517 

20-430 

17-512 

15-323 





12 x 10 

27-241 

22-701 

19-458 

17 025 





12 x 12 

32 689 

27-241 

23*349 

20-430 





14 x 12 


37 078 

31 -781 

27-808 

24-718 




14 x 14 


43*258 

37 078 

32-443 

28-838 




18 x 14 



61 -292 

53 631 

47*672 

42-904 

39-004 

33-754 


TABLE XXXIX, 

Safe Distributed Loads in Tons for Jarrah Beams of Varying Spans. 


Cross s P ftn in Feefc * 


Inches. 

10 

12 

14 

10 

IS 

20 


24 

9 x 8 
9x9 

10 x 8 
10 x 10 
12 x 8 
12 X 9 

12 x 10 
12 x 12 

14 x 12 
14 x 14 

18 X 14 

10- 031 

11- 284 
! 12-384 

15-480 
17 832 
20-062 
22-291 
26-749 

8*359 
9-404 
10-320 
12-900 
14-840 
16-718 
18-576 
22 *291 
30*340 
35-397 

8 845 
11-057 
12 737 
14-330 
15 922 
19106 
26006 
30-340 
50-155 

11-145 

12 538 

13-932 

16718 

22*755 

20-54 

43\885 

20-227 

23-598 

39*009 

35-108 

31-“ 

29-257 


TABLE XL. 

Safe Distributed Loads in Tons for Oregon Beams of Varying Spans. 


Cross 
Section in 

Span in Feet. 

Inches. 










10 

12 

14 

! 16 

18 

20 

22 

24 

9x8 

6-347 

5- 89 


•* 





9 x 9 

7-140 

! 5-950 







10x 8 

7-836 

1 6*530 

5-597 






10 X 10 

9-795 

8162 

6-996 






12x8 

11-283 

9*403 

8-059 

; 7*052 





12 x 9 

12-694 

10-578 

9-067 

; 7-933 





12 \ 10 

14-104 

11-754 

10-074 

8-815 





12 x 12 

16-925 

14 104 

12-0S9 

10-578 





14 x 12 


19193 

16*455 

14-398 

It *798 




14 X 14 


22-397 

19 198 

16798 

14 931 




18 x 14 

.. 1 


31*735 

27-768 

24*683 

22*215 

20*195 

18*512 
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TABLE XL I 

Haft* Distributed Loads in Tons for Ironbark Hearns of Varying Span*. 


Cross 

Span in Feet. 

Inches. 




I I 





10 

12 

14 

’ 16 ! 18 

20 

*22 

24 

9x8 

14-360 

11*963 






Ox 9 

10-160 

13*459 

* 

... 

... 



10 x 8 

17-724 

14 770 

12'660 



1 


10 x 10 

22*166 

18-462 

16 826 





12 x 8 

26-622 

21 ”268 

18'230 

16-961 , ... 




12 x 9 

28-712 

23-927 

20*509 

17-946 




12 x 10 

31*908 

26-686 

22788 

19 939 




12 x 12 

38 283 

31-903 

27'346 

23 927 




14 X 12 


43-423 

37 220 

32-667 28-949 




14 x 14 


60-661 

43-423 

37 996 33 774 




12 x 14 



71-782 

62-809 66-830 

60*247 

45-079 

41-872 


I 


STEEL GIRDERS. 


619. Rivets. —Before proceeding* with the notes on design of 
steel beams it will be necessary to deal, if only but briefly, with 
the strength of rivets. The rivets are “stitches’* used to con¬ 
nect the parts of a built up girder together, and a great deal 
depends upon their being ecptal to the demands made upon their 
strength. Rivets fail by “shearing,” or by “bearing,” the latter 
being a bearing into or crushing either of the rivet into the 
plate or the plate into the rivet. 


big*. 131 shows failure by shearing. The right band sketch 
illustrates single shear where the rivet has only to shear through 
one plane to give wav. In the other sketch the rivet is shown 
in double shear where two planes have to be shorn through. 
()bviously a rivet is twice as strong in double shear as in single 
shear. The strength of a rivet in single shear is but a matter 
of multiplying the cross sectional area in square inches by the 
strength "of steel against shear per square inch. For example 
a Y/\ in. diameter rivet has an area of .44 t 8 sq. in. Steel has 
a safe resistance of 12,000 lbs. per sq. in. Then .4418 x 12,000 
= 53 °° lbs. Fig. 135 shows failure due to bearing. The 
strength against hearing of a rivet is determined by multiplying 
the thickness of the piate by the diameter of the rivet to find 
the bearing area and multiplying this area by the strength per 
square inch of steel against bearing. 
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Fig:- 134- 


For example, take a ^in. rivet in %in. plate. Diameter 
of rivet x thickness of plate = .75m. x .625m. = 46875. 

Safe strength of steel against bearing = 25,000 ibs. per sq. 
in. Then .46875 x 25,000 lbs. — 11,720 lbs. nearly. 

Table XLII. shows safe shearing and bearing strength of 
steel rivets. 
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620-Moment of Resistance of Steel Girders. —In welt 
proportioned steel and wrought iron plate girders the difference 
between the modulus of rupture and the tensional strength of 
the material is not of sufficient importance to necessitate con¬ 
sideration, and the latter is used. In these girders the webs 
section is not included in the calculation of the resistance to- 
bending, the flanges alone being taken. The formula generally 
used is as follows:— 

Let f — the safe tensile stress in tons per sq. in. of the 
material. 
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Let a = the area of the top or bottom flange. 

Let cl — distance between the centres of gravity of the top 
and bottom flanges. 

Then M R = f a d. 

Fig. 136 is a section of a plate web girder on which are pro¬ 



jected the effective area of fibres. It will be seen that there is 
brt a small error in taking the flanges of plate and L/s as effec¬ 
tive and neglecting the web. 

r ^l. Application of Formulae to Steel Girder.— Example of 
a rolled steel joist. The figure 137 shows a usual size of 
rolled steel section I beam. The parts shaded black of upper 
portion of beam is the area of flange taken. 
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Fig. 137. 


The following give the data.— 
a — area of flange — 8.067 sq. in. 
i = safe strength of steel = 8 tons, 
d = depth between centre of gravity flanges = 12.87m. 

T, = span 20 feet = 240m. 

It is required to find the load W, that the beam will carry 
at its centre. 
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c . WL , . L f , 

Since = f a cl, YY x = la d 

4 4 

W = f a d -r L 
4 

4 f a cl 
L 


fad x 7 = 


tons 

4 x 8 x 8*o6 sq. in. x 12*87 in. 

Then W == —-- - --- = 15*8 tons. 

240 in. 


If we require a greater strength than is afforded by this 
steel beam we may place plates on the top and bottom, which 
are to be secured to it with rivets. See Fig. 138. Having 
determined the carrying capacity of the beam re-inforced with 
these plates it will be necessarv to provide that the rivets shall 
be sufficient to resist the horizontal shear which will tend to 
separate the plate from the flange of the girder. 

The procedure will be as follows: — 

Let it be ‘supposed that a pin. x iin. plate is to be added 
to each flange. 

Area of flange — 8.067 S( T m ‘ 

Area of plate = 9.0 


Total area = 17.067 

Less holes for $ 4 in. rivets = 2.075 


Total effective area = 14.992 sq. in. 
The distance between centres of gravity = 14.125 in. 

4 f a d 

The formula is \Y — - 


L 


Then W LA, 8 tons x 14*99 sq- in. x 14*125 in. = 

240 in. 


= 28 23 tons. 


It must now be ascertained that rivets are strong enough and 
properly spaced. 

The total shear will he— 

W 28 tons 

— ^ 14 tons. 

2 2 

The depth between plates is t.i6 ft. Then the shear per 
foot *4 tons 


1 • 16 


12*07 tons, or 27,036 lbs. 
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Fig\ 138. 
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From the table XLII. it will be found that %in. diameter 
rivets will eacli stand 5300 lbs. single shear. Then 
27016 lbs. 

— = 31 rivets per foot, 

53 °° 

Sav, 6 rivets per foot, that is, 3 on each side at 4m. pitch. 


This method of using a steel beam reinforced with plates 
is an economical one and can be recommended, for it dispenses 
with the necessity for the labor entailed in making the connection 
of vveh to the flanges, as would be necessary in a plate web girder. 
1 he economy in construction more than counterbalances the 
slight waste of material which takes place in the flanges of the 
beam. 


Fig. 139. 



v. 
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Fig\ 139 is a section of a plate web rivetted girder, having 
a span of 21ft. iin. or 253m. In this case the web is designed 
to resist the vertical shearing stress, and must also be made 
sufficiently thick to resist buckling, due to the diagonal stresses 
mentioned in the early part of this paper. The flanges are 
designed to resist the bending moments, and the web and flanges 
are connected together by means of ITs and rivets. The rivets 
must be strong enough to resist shearing, and also must be suffi- 
cientlv large to prevent crushing of the rivet and tearing of the 
plate by the rivet. The working out of the example will be 
as follows:— 

Approx, weight of girder = 2.75 tons 

Load at centre of girder = 77 tons 


Total load 


= 70*75 tons 


.. ti WL = 7975 tons x 253 in. . t 

Max. B.M. = - = 5044 inch tons. 

4 4 ^ 

Shear per foot horizontal and vertical when depth of girder 

1 , 1 <* t • ^ - 39*873 x 2240 

taken as depth of web = 20111. or 1.66 ft. =- 1 - 

1.66 i t. 

— 53807.2 lbs. 

Rivets 1 in. dia. stand 9430 lbs. safe single shear. 


Rivets 1 in. dia. stand 15,630 lbs. safe bearing in Lsin. 
plate. 


Then Xo. required per foot to connect web to L’s where 
rivets are in double shear will be determined as follows:— 


Shear per foot == 53807.2 lbs. 
Double shear for one rivet = t 8,860 lbs. 


2.8 rivets. 


Safe bearing strength of iin. 

rivet in \siu. web plate == 15,630 lbs. 

then r = practicalIv 4 per foot, i.e. % to a 3 in. pitch 

1 5*63° 

Web to resist vertical shearing stresses and buckling. 

Depth of web = 20in. Thickness = fy&'m., or .625 in. 
Shear in web must not exceed 10,000 lbs. per sq. in. 

39 875 x 224 0 
20 in. x *625 


In this case shear 


= 7145 lbs per sq. in. 
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Formula for buckling* stress where — 

X = depth between flanges, and 
t = thickness of web. 

12,000 lbs. i2,ooolbs. 

X" = “ 

i -f --— i + - —-—- 

3000 t“ 3000 x *625- 

= 8946 lbs. per sq. in. 

MR 8 of L 8 and plates. 

M R = f a d, where f = 8 tons, a — area, d 
ween centres of gravity. 

Areas: — 

=/* ( 3 /^ in - + 3 VL>in.) = 3-5 sq. in. 
less rivet holes 1.0 



2.5 

Plates:— 


I 2 in. x in. 

= 13-5 sq- in. 

less rivet holes 

= 2.25 


11.25 

12m. x %in. 

= 9.0 sq. in. 

less rivet holes 

= 1.5 


7-5 


in. tons 

— 390 

8 x I r.25 x 21 

— 1890 

8 x 7.5 x 22.75 

= 1365 

8 x 7.5 x 24.25 

= T 455 

Total of moments of resistance 5 100 

The use of the diagram of Bending Moments is illustrated 
in this example. See Fig. T40. It would be a great waste of 
material to allow the flange, plates to go the whole length of the 
girder since the bending moments decrease rapidly towards and 
become nothing at the points of support. Of course for prac¬ 
tical reasons the L* and the nearer plate to them at top and bot¬ 
tom must be continued to end of girder. But the others should 


tons sq. in. iii. 

M R L 8 = 8 x 2.5 X 19.5 
M R I2in. x ijXhi. plate = 

M R i2in. x 24 in. plate = 

M R 12m. x X plate 


807 


= depth bet- 
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be stopped off as soon as possible. By setting up to the same 
scale as that used for the Max. B M, the value of M R of each 


tfi 


CD 

oo 


§ 

e 


Cu 





plate, and drawing horizontal lines it will be seen where the 
plates pass beyond the diagram of B M’s. The unnecessary 
portions may be cut off by vertical lines as shown, and the 
actual lengths of plates required may he measured off to the same 
scale as the span of girder. 

622 . Construction of Steel Girders -Girders as members in 
building construction must be stiff enough to have but a very 

small deflection. If girders have a deflection of more than „ ( — 

part of the span cracked plaster of walls and ceilings will most 
likelv result. A deflection greater than this can usually he 
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guarded against by having the depth of the beam not less than 

i 

~ of the span. It is also wise to design the girders as deep 

as possible, for the deeper the girder, the greater the leverages 
involved in the moments of resistance, and consequently the 
smaller will be the areas of flanges required. Further than 
this, the shearing stress per foot will be less, and consequently 
the size of rivets diminished and spacing apart of rivets increased. 
Lateral stiffness in the case of girders unsupported at the sides 
is also a matter that must not be overlooked. The unsupported 
length of girder should not exceed 20 times the width of the 
flanges. When using a very wide flange in the case of a girder 
having a single web, there may be a danger of having the flange 
projecting sideways beyond the L s too much. This projection 
should not be more than eight times the thickness of the flange. 

In the construction of the girder it is an essential point that 
the holes be drilled and not punched. 

In a test recently made the advantage of drilled holes was 
well illustrated. In one case the holes were punched, and in 
the other case drilled. The plates were subjected to the cold 
bending test. It was seen that the plate in which the holes 
were punched had perceptibly failed, while the other stood the 
test perfectly. The plates and L s should be drilled together, 
otherwise “ryrfiering,” and “drifting” would be required, in 
which case the rivets would probably be a bad fit. 
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CHAPTER XI. 


ROOF DESIGN. 


623. Fig. 141 represents bv direction, three forces meeting 
at a point. To maintain a condition of equilibrium, they must 
be in the one plane, and be represented in magnitude and direction 
by the three sides of a triangle. For the purpose of identifying* 
each force with its corresponding* side of the triangle, it will be 
necessary to name them. The best method is to place letters 
between the forces and to call each force by the two letters 
between which it appears. For example, the upper force would be 




Fig. 141. 


named AB, si ice these letters are placed one on each side of it. 
The other two forces are BC and CA respectively. The triangle 
ABC, known as the “triangle of forces,” represents in direction 
and magnitude the three forces AB, BC and CA. It will be 
noticed that the letters identifying the lines necessarily appear 
at the ends of the lines in the triangle. This is an excellent 
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arrangement of notation, since its adoption prevents confusion 
when the principle of the triangle of forces is apolied to com¬ 
plicated braced frames such as roof trusses. The arrows on 
the forces in sketch, Fig. 141, show the directions of the forces. 

The arrows on the sides of the triangle must correspond, and 
must also be continuous in direction. That is to say they must 
all go the one way round. 

624. The use of the triangle of forces ma be illustrated by 
the following:—The two forces AB and BC may be known in 
magnitude and direction. It is required to determine the 
direction and magnitude of a third force to provide for equili¬ 
brium. Draw two lines parallel in direction and to scale for 
magnitude, as two sides of a triangle. The third side of the 
triangle will indicate the direction, and its length by the same 
scale as used for the others, will give the magnitude. Again, the 
magnitude of one force and the direction of the three may be 
known, in which case the drawing of the triangle will give the 
magnitude of the others. 

625- The principle briefly described above may be applied 
as a further example to the case of a triangular timber frame 
as a simple roof truss. Fig. 142 illustrates such a frame. It 
rests on two piers, the reactions through which arc indicated 
by lines and named AD and BD respectively. The weight or 
force on the frame is AB. The rafters and the beam of the 
frame are respectively AC, BC, and DC. It is required to de¬ 
termine the magnitude and character—tension or compression_ 

of the stresses in the rafters and tie beam due to the load AB, and 
its reactions AD and BD. 

Draw a line AB parallel to the force AB, and its reactions 
AD and BD. Make this line to a length of some scale to re¬ 
present the magnitude of the weight or force AB. Suppose AB 
to he to tons and the scale 1 ton to %\x\. Then AB would he 
2*/> inches long. From the ends of AB draw lines parallel 
to the rafters AC and BC. Mark the point of meeting of these 
lines as C. From C draw a line parallel to DC. Name the 
point where the line cuts AP> as D. An inspection of the frame 
diagram will show that there are three groups of forces acting 
on it, namely:—(1) The load and the two rafters at the top; (2) 
At the left hand end: the reaction AD, a rafter, and tie beam; 
( 3 ) At the right hand end; the reaction BD, a rafter, and tie 
beam. 

Take the top group first. They are AB, BC, and CA. The 
corresponding lines on the stress diagram will give the stresses 
in the two rafters BC and CA. The left hand group may next 
be taken. This group is DA, AC, and CD. DA is the reaction 
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and in this case will be equal to half AB, as shown on the load 
diagram. The lines AC and CD on the stress diagram 
measured off to scale will give the stresses in the rafter and the 
beam respectively. Of course the rafter has already been con¬ 
sidered in the top group, and has only been taken again to allow 



Fig. 142. 


of considering the group at the end. It will be obvious that a 
member in more than one group must in each group have the 
same stress. The process for finding the stresses in the groups 
on the right hand will be the same as for the left hand group. 
One of the groups in this frame may be selected as an illustra¬ 
tion of the method of determining the character of the stress in 
any member of a frame. Take the left hand group. The direc¬ 
tion of one of the forces DA is certainly known. This is the 
reaction, and acts upwards. Mark an arrow, indicating the direc¬ 
tion on the stress diagram. Then since the arrows must all go 
the one way, the directions of the stresses AC and CD may be 
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found by marking the arrows in conformity with this rule. It 
will be seen that the stress in AC is towards the point at which 
the members of the group act in the frame design; hence it is 
a compression stress. The stress CD is away from the point, 
and is a tension stress. 

626- The forces on the single roof frame in Fig. 143 is 
an example of the way in which the weight of the roof covering 
is applied at various points of a roof truss. The weight of the 



Fig. 143 * 
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roof covering is always taken to act vertically downwards. The 
wind pressure, however, cannot be taken as acting downwards. 
It must he considered to act in a direction at right angles to the 
slope of the roof. 

At the points of application of a roof covering to a braced 
frame or truss there will, therefore, be two forces to consider. 

(1) The dead weight of the roof covering acting vertically; and 

(2) The wind pressure acting perpendicular to the slope of the 
roof. These two forces may, however, be resolved into one on 
the principle of the triangle of forces. 

Fig. 143 shows an example of this. AG is the proportion 
of the roof covering dead weight acting at the top point of the 
frame. FG is the amount of the wind pressure transmitted by 
the roof surface to this point. These two forces may be re¬ 
solved into one by making EF = AG, and joining E and G. The 
line EG is the resultant of the two forces FG and AG, both in 
magnitude and direction. The resultant of the wind and dead 
load at the lower left hand end has been found in the same way. 
On the right hand side the loads will be dead weights only, since 
the wind will only act at one side. It is perhaps just as well 
to state here that in determining the stresses, the wind is taken 
on one side. The maximum stresses in the bars on this side due 
to wind- on this side, and the dead weights on both sides, are 
then determined. Both sides of the frame are then designed 
alike to resist the maximum stresses. 

627- The external forces due to wind and dead loads on the 
frame in Fig. t 23 will therefore be x-i, 1-2, and 2-y. The 
amounts of these forces will be known so that they may be set out 
to scale, as has been done in the lower portion of sketch Fig. 143. 
By joining x to y the total reaction of these external forces will be 
obtained, both by direction and magnitude. To divide x v into 
proportionate parts to represent the amount of reaction at each 
end of the frame, it will be necessary to draw the polar and 
funicular diagram. 

628- The polar diagram is found as follows:—Mark any 
point O and join it by straight lines to the points x, 1, 2 and v. 
The=e lines, in conjunction with the lines xi, 12, and 2y 
form the polar diagram. 

629- To draw the funicular diagram proceed as follows.— 
Draw lines parallel to x v from each end of the frame diagram. 
These lines will be directions of the reactions. Commencing 
from a point anywhere on the left hand line of reaction draw 
a line parallel to o x until it cuts the line of force x -1. From 
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where line xi was cut draw a parallel to oi until line of force 

1 - 2 is cut. From this draw a line parallel to o - 2 to meet or cut 

2 - y, from which intersection a line is to he drawn parallel to 
oy to meet the line of reaction at the right hand end. Join the 
points on each line of reaction. This line pq will close the funi¬ 
cular polygon. Draw from O a line parallel to pq. 1 his line 
cuts xy at 4. The point 4 divides xy into the two parts to repre¬ 
sent respectively the reactions at the ends of the frame. X4 is 
the left hand, and 4y the right hand reaction. 

630 Having the external loads and reactions, it will he pos¬ 
sible to make the stress diagram. 

631 * The group at the left hand comer is x - 1, 1 - 3, 3 - 4 and 
4 - x. From the point I draw a line parallel to bar 1 - 3 of frame. 
From the point 4 draw a line parallel to bar 3 - 4 of frame. These 
two lines will meet at 3. By commencing with line x - 1 in the stress 
diagram, and following on with lines I-3, 3-4, and 4-x, the 
stresses in the bars of the group may he determined. Likewise may 
he determined the top group 1 -2, 2-3, and 3-1. Also the right 
hand end group 2 - y, y - 4, 4 - 3, and 3 - 2. It will be observed that 
in the stress diagram each group is represented by a series of lines 
which follow one another, the last of which ends at the point of 
commencement of the first. This orderly running and final closing 
is a feature that must he observed for each group of forces in 
every stress diagram. 

632 . Fig. 144 shows a roof truss with the wind acting on 
the left hand side. The wind and dead loads have been resolved 
into single forces at each point of bracing along the principal 
rafter on the principle as described in the last article. The var¬ 
ious external loads x - t, t - 2, 2 - 3, 3 - 4, 4 - 5, 5-6, and 6 - y are 
set out in the lower diagram. The resultant x, v, of these loads 
is divided at the point 15 by the line 013 of the polar diagram, 
and gives the reactions x - 15 and 15 -y. 

633 - The funicular polygon in this figure has its sides named 
to agree with the corresponding lines in the polar diagram. This 
may help to remove any difficulties in the mind of the student 
after having read the descriptions in the previous article. 

634 - The stress diagram is indicated by dark lines, and 
though at first it may appear somewhat complicated, a little study 
of it will soon clear away any difficulties, for it will be found 
that it is but an extension of the more simple case described in 
Art. 631 ante. One or two groups of forces in the frame may be 
taken to illustrate the working of the stress diagram. Take the 
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group at the left hand end of the frame. The forces in this group 
are x-i, 1-7, 7 - 15, and 15 - x. The corresponding stress 
lines for these may very easily be followed in the stress diagram. 
Commencing at x/, we can follow lines having the numbers x^ - I, 



1 



Fig 14-1. 
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I ■ 7 , 7-15, and 1.5 - x/ at their extremities. These lines 
will represent the magnitude measured to the scale of the dia¬ 
gram, and the various directions, of the forces acting at the left 
hand end of the frame. Two of these are in members of the 
frame, and consequently are the stresses acting in these mem¬ 
bers. An interesting group acts at the second point up the prin¬ 
cipal rafter of the frame. This group is: — 2-3, 3-9, 9 ' LT 
13-8, and 8 - 2. Commencing at the point 2 we can follow the lines 
having the numbers 2-3, 3-9, 9-13, 13-8, and 8-2 at their 
extremities. Only one of these, 2 - 3, is an external load, and 
all the others are stresses in bars in the frame. The arrows run¬ 
ning “one way round” in this group are shown in the stress lines 
to indicate the character of stress exerted. It will be seen that 
only one acts away from the point in the frame. All the others 
towards the point, and are consequently in compression. All 
the other groups may be named and followed in the stress dia¬ 
gram in the same way. The arrows running one way may be put 
in each group, as described above. It should, of course, be re¬ 
membered that the first arrow will be put in in accordance with 
the direction of one of the known forces — usually one of the 
external forces. 


635- Distribution of Weight of Roof Covering over 
Principals. —The Fig. 145 shows section of a roof. The princi¬ 
pal is indicated by dotted lines. Each purlin carries half the 
load of rafters, roof covering, and wind pressure between it and 
the next ones. This being the case, it will follow that the purlin 
at I', will have to carry the amount of wind pressure, roof cover¬ 
ing for rafters between A and B. Likewise, the purlins at F 
will carry the load from B to C. The purlins discharge their 
loads at the uoints where thev hear on the principal. Therefore, 
the point K of the principal will have to bear the wind pressure, 
weight of roof coverings and rafters, and purlin from A to B, 
and from midway between it and the principal on each side. As¬ 
sume, for the sake of example, that the distance from A to B is 
10 feet, and that the principals are 12 feet apart, then the point 
E of the principal would have 120 sq. feet of wind pressure roof 
covering-and rafter weight placed on it. The weights at the 
other points would be determined on the same principle. 


636 . The Weight per sq. foot of Roof Covering and 
Rafters will, of course, depend on the kinds of material and tim¬ 
ber used. I11 the chapter on roof coverings will he found a table 
of weights per sq. foot of the different kinds of material. 
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637- The Wind Pressure must be taken at maximum, and 
its effect on the roof will depend on the slope of the latter. The 
greater the angle, the greater the effect of the wind. It is as¬ 
sumed that the maximum horizontal force of the wind is 50 lbs. 



per sq. foot. This pressure must be resolved into a normal or 
perpendicular pressure for each slope of roof. The table XL 111 . 
gives normal wind pressures for various roof pitches. 
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TABLE XUII. 

Normal Wind Pressure on Roofs. Force of Wind = 50 lbs. per Sq. Foot. 


Angfle of inclination of roof . 

10 ° 

20° j 25° 

20° «u' 

80 ° 

40 

50 ° 

60 w 

Normal pressure in lbs. per sq. foot. 

12 

22*5 ! 28'8 

_1 _ 

29*5 

33 

41*5 

47-5 

50 


638< Design of a Truss for a Roof of 50 feet Span. — 

The foregoing description of the principles underlying the method 
of determining the stresses in roof trusses has necessarily been 
of the very briefest nature. The student is, therefore, advised 



to practice the principles in application to different forms of roof 
trusses or frames. When some practice has been made, the fol¬ 
lowing directions for the design of a roof truss may be studied:— 
Fig. 146 shows the frame or roof diagram for a roof with a span 
of 50 feet, and in which the trusses are spaced 12 feet from 
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centre to centre. The galvanized iron is supposed to be secured 
to purlins, so that there would be no rafters. 

The weight of dead load is as follows:— 

24 guage gal. iron.i. 61 bs. per sq. foot. 

Screws and Washers .2 ,, ,, 

6in. x gin. Oregon pine purlins .... 1.73 ,, ,, 

Weight of Principal . 3.00 ,, ,, 


Total . 6.53 , 


Wind Pressure.—Pitch of roof == 25 deg. Normal wind 
pressure for this pitch — 28.8 lbs. per sq. foot. 

The area of roof resting on each side of truss is:— 

Length of Principal Rafter . = 27.6ft. 

Width of Roof resting on Truss. = 12.0ft. 

Then the area = 27.6 x 12. =331.2 sq. ft. 

The total dead weight on each side of truss will 

be = 6.53 x 331.2. — 2162.731b. 

A quarter of the total dead load will be carried at each of 

the intermediate points of bracing. 

2162.73 

i= - = 540.681bs. 

4 

The end of the truss will carry only' half the 
amount carried by the intermediate points. 

2162.73 

— - — 270.34169. 

8 

Tne top point will carry also half the amount of 
the intermediate points on one side, but it 
also carries a similar amount from the 
other side of roof, consequently the top 
will have the same as the intermediate 

points, namelv:— . 54 °* 681 bs. 

These amounts of dead load are to be set out to scale on 
vertical lines at the respective points, on both sides of truss. 

The total wind pressure on one side of truss will be.— 

33 t .2 x 28.8 = ^538 561bs. 
A quarter of this will be carried at the intermediate points 
and J /s at the top and bottom points of truss. 

9538.56 

Amounts on intermediate points = - = 2384.6411^. 

4 

9538.56 

Amounts on top and bottom points — — TI 9 2 *3-lhs. 

8 
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These amounts are to be set out to scale on lines perpen¬ 
dicular to the roof slope at the respective points on one side of 
roof truss only. In the drawing Fig. 146, they are shown on the 
left hand side of truss. 

The dead and wind loads on the left hand side are to be 
resolved into single equivalent loads at each point. This is shown 
as having been (lone on the drawing. Lines parallel, each to scale, 
representing the various resultants of wind and dead loads for 
left hand side, and the dead loads for the right hand side, are 
then to be drawn, each following on in proper order 
at a convenient distance below the roof diagram. The 
direction of reactions, and the polar and funicular 
diagrams are next to be drawn very carefully. The stress dia¬ 
gram is then to be completed, and properly named at its different 
points. The greatest care and neatness in drawing, everything 
in connection with the stress diagram will be absolutely necessary, 
otherwise the final lines of the diagram will not meet, or what 
is technically called “close.” Should difficulty of this kind arise, 
either the drawing has been faulty, or a mistake has been made. 
In any case, the diagram will be useless unless it closes properly. 

In the event of success with the stress diagram, the stresses 
on the various members of the truss may be scaled off from the 
stress diagram, and systematically tabulated. The table XLV 
gives such a systematic tabulation of the stresses in the truss 
now being dealt with. It will be seen that each member on one 
side of the truss has a column allotted to it. The column con¬ 
tains the stress expressed in lbs., and the length in inches. The 
members are also grouped under compression or under tension, 
as the character of the stress may be. 

TABLE XLV. 


(Jiving Lengths and Stresses in Members of Roof Shown in Fig. 140. 


Character of 
Stress. 

(‘ompression. 

Tension. 

Names of mem¬ 
bers 

Stress in lbs. .. 
Length in inches 

1-0 

16,000 

81-5 

2-10 
13,500 
82'6 

3-11 ! 4 -12 
11,000 8,500 
82*5 82 T) 

5.18 

0,000 

82-5 

0-10 

3,850 

82*6 

17-11 

4,700 

102 

18*12 

5,000 

126 

21-9 : 10-17 | 11-18 
17,000 I 1,600 3,200 

" 1 " 1 " 

12-13 

5,600 


639. It now remains to properly proportion the various 
members of the truss to safely resist the stresses. 

640. With a view to variety of example two kinds of truss 
will be calculated, namely 

( i) A timber truss with steel tension rods. 

(2) A steel truss, 
w 
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It would have been a better design to have had the tie rod 
cambered to a noticeable extent for the steel truss, but the limits 
of this little book make it impossible to give the extra space for 
a diagram for each. The principle of the method is, however, 
precisely the same, and in practice the student will find no diffi¬ 
culty in making a diagram for a truss of this kind with the rod 
cambered. 

641. Sizes of Sections of Timber and Steel Truss for 
50 feet Span. —The tiebeam principal rafters and struts to be 
of Oregon pine, vertical tension rods to be of steel. Proceeding- 
in the proper order the sections of the steel rods must first be 
determined. The ends of these rods are screwed. It will there¬ 
fore be necessarv to allow for diminution of area due to screw 
cutting, and also to provide for sufficient thickness of nut to 
prevent failure by shearing of threads. Fig. 147 shows screwed 

<e---1—> 





1 

1 




end of a rod. This has a minus thread, that is one cut into the rod. 
It will be evident that the area of the rod is reduced from a circle 
having d as a diameter to a circle having D as diameter. The 
area of the rod available to resist tension is that with D dia¬ 
meter. In designing the rod, a circle of the area required to re¬ 
sist tension is determined. The diameter of this circle is taken 
to be D The extra diameter required for thread is then computed. 
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This diameter (d) is taken as diameter of rod. Having D the 
value of d may be computed bv the formula :— 

D + .06' 

d == - 

•9 

It may seem wasteful to make the whole rod of extra dia-v 
meter, because there has been*a .reduction at one end. To avoid' 
this extra amount of diameter, rKwould be necessary to thicken 
or ‘‘upset” the end of the rod, so that the thread would be what 
is called “plus.” As a rule, however, it costs more to do this than to 
allow of greater diameter throughout, as in the case oft the > 
“minus” thread. 

642- The rod may fail under its load by the threads being 
“stripped off,” thus allowing the nut to e*et free. By cutting a 
thread in proportion to the diameter of the rod, and by making 
the thickness (t) of the nut equal to (d), a sufficient margin of 
safetv will be provided. 

643. The areas of the rods may now be determined. In the 
calculations we may allow a safe stress of 16,000 lbs. per sq. inch 
for steel. 

Rod 10 — 17. Stress 1,600 lbs. 

stress 1600 

Area of rod = - = - — .1 sq. inch. 

i6,ooolbs. 16,000 

A circle having an area of .1 of a sq. inch will have a dia¬ 
meter of .36 inch. Consequently, the diameter D = .36 inch. 

By the formula— 

D -f- .06 .36m. + .06 

d — - == - = .46111, 

•9 -9 

I his would practically be a rod /i an inch in diameter. 

By the same process the d diameters of rods n - 18 and 
12-13 "ill be found to be practically Y\\w. and %in. respec¬ 
tively. 

644. The tie beam next requires consideration. It is to be 
of Oregon pine. The safe tensile stress for this timber may be 
taken as 370 lbs. per sq. inch. It will be found that a Qin. x qin. 
section will meet the requirements. The greatest stress is in the 
end sections. Let the end named 21 - 9 in the table be taken. 
The stress in this portion is 17,000 lbs. 

The area required will he— 
stress 17,000 


57olbs. 


57 ° 


= 29.8 sq. inches. 
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This area must be left at any cross section after all cuts and 
holes are made. The worst section would be vertically through 
the under edge or toe of principal rafter. Sketch A, Fig. 148 
shows that the cut right across to provide a toe bearing fo* r the 
principal rafter goes 1 inch down. The section at this" place is 
therefore reduced to 8 x 4 or 32 sq. inches. A further reduction 
of Iin. x 1.5m., or 1.5 sq. inch is made for the tenon of the prin¬ 
cipal rafter, so that 32 — 1.5 = 30.5 sq. inches of timber left in 
the section, which is just a little in excess of the 29.8 sq. inches 
required by the computation made above. The gin. x 4m. sec- 



Fig. T 48 . 


tion will also be found sufficient at anv other place where holes 
or cuts are made. Take, for instance, the section at the centre 
where the central tension rod passes through. A hole Tin. dia¬ 
meter would have to be made for this rod. Nine inches of area 
would therefore be lost, so that the full section, q X 4 — 36 sq. 
inches, would be minus 9, leaving 27 sq. inches. The tenons of 
the struts would be 1 inch wide, so that nothing would be lost, 
the bolt already having destroyed the central vertical 1 inch layer 
of fibres. The stress at this section is not as great as at the 
end. From the diagram of stresses it will be found to be 10,000 
lbs. 
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10,000 

Then -= 17.5 scj. inches. 

570 

as tlie area required, which will be much exceeded by the area of 
the timber left at that section, which has been found to be 27 sq. 
inches. 


645. The principal rafter must be the same thickness as the 
tiebeam, namely: 4 inches. The depth for practical purposes in 
handling’ during construction and other reasons can hardly be 
less than 6 inches. Each principal rafter will be in one piece of 
timber, yet for purposes of calculation, it must be considered as 
divided by the ends of the struts into a number of short compres¬ 
sion members. Enough of cross section must be provided to re¬ 
sist the stress in that part having the greatest stress. The lower 
division named, 1-9, will have the greatest stress. This length 
must be calculated as a post or strut. The length = 82.5 inches, 
section = 6in. X 4in., area = 24 sq. inches, .safe stress for Ore¬ 
gon = 1425 lbs. per sq. inch. Using the formula, Art. 608, cvnte, 
the safe load will be— 


24 x H 2 5 

82.5" =24662 lbs. 

1 + 1100x4- 


The member is to stand a stress of 16,000, so that there 
is abundance of strength. However, as pointed out, it would be 
unwise to make it less for the reasons given. 


646- The longest strut is that named 18 - 12. This mem¬ 
ber has a length of 126 inches. As pointed out, 608 ante, it is 
bad practice to make the length of posts more than 30 times the 
least dimension of cross section. This being the case, we cannot 
use less than a 4m. x 461. cross section. Indeed, 4m. is a little 
shorter than what is required since 1 *,= 31.5. It is, however, 
all right provided we do not load it up to the amount given by the 
formula. 

Applying the formula— 


16 x 1425 
1 2 6 a 

^ I 100 x 4" 


i 1987 lbs. 


The strut has to stand only 5 > 9 °° so that it will be 
strong enough. 
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647- The other two struts, 17-11 and 9 - 10, by calcula¬ 
tion, would have smaller cross sections. There are. however, 
reasons such as fixing the ends, why it will be better to make 
them also -jin. x 4m. Very little extra weight on the truss will 
result, and the cost would be trifling. The student may, how¬ 
ever by applying the formula, determine the least cross section 
that will suit. The Fig. 148 shows the methods of jointing the 
various members together. It will be seen by sketches C D' and E, 
that half-inch plates are placed on each side joints of struts with 
tie beam and principal rafter. This has been done to provide 
good fixing for ends of struts, and also to relieve the tension rods 
of the side thrust from the struts, which would occur in all cases 
but that of the bottom of the central tension rod. 

648- The strap holding the joint of the tie beam with prin¬ 
cipal rafter is an important practical part of the truss. The prin¬ 
cipal rafter is made to toe into the tie beam, so as to prevent it 
sliding along. As a matter of fact, very little reliance can be 
placed on this joint, and a sufficiently strong steel strap is usually 
put on to hold the. joint. 


649. The diagram to determine the stress is given in Fig. 
149. A B is drawn parallel to the principal rafter. On this line 

J> 



is set out to scale the stress on the lower part of the principal 
rafter. In this case the stress is 16.000 lbs. AB will, therefore, 
represent to scale this amount of 16,000 lbs. From B drop a 
perpendicular to the tie beam. Then draw a line from A perpen¬ 
dicular to AB to cut the line from B at the point C. AC will 
then represent the same scale as AB, the stress in the strap. In 
this case it is 33,750 lbs. The strap will be made of steel, with 
a safe strength of 16,000 lbs. per sq. inch in tension. 
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The total cross section of the two sides of strap will be:— 
33750 

=- = 2.107 S( i. inches. 

16000 

The area of strap on each side will be:— 

2.107 

- — 1.05 sq. inches. 

2 

The strength will depend on the two bolt ends, so that the 
diameter of these may be determined first. Each must have an 
area inside the threads of 1.05 sq. inches. The diameter of a 
circle having the area will be 1.16. This will be the value D in 
the formula. See Art. 641 ante . 

1.16 -f- .06 

Then d = --= 1.35m. 

•9 

which will be the diameter of the bolt end before screwing. 

Ihe sides of the straps may be 2in. x 9-i6in., which contains 
sectional area of 1.12 sq. inch. This is just a little too strong, 
but quite near enough. In the sketch, Fig. 148, various details 
of purlins, pole plate, eaves, etc., are given, so as to complete the 
drawing. Many of the details could, of course, be varied, pro¬ 
vided the cross sectional areas of the members of the truss and 
their joints be not diminished. 

650, Sizes of Sections for Steel Truss of 50 feet Span. 

—It will now be necessary, as an example, to calculate the sizes 
of the various members for a steel construction to suit the truss, 
a stress diagram of which was prepared and shown by Fig. 146, 
and for which sections for a composite timber and steel construc¬ 
tion have just been calculated. Fig. 1^0 gives sketches of the 
joints of the various intersections of members for a steel con¬ 
struction. The vertical tension rods, as calculated for the com¬ 
posite construction, wall do for this truss, since they are to resist 
the same stresses. The lower ends would be screwed and bolted, 
as shown at D. Fig. T50. 

651- The upper ends of vertical tension rods are 
forked and formed with eyes to make connection with 
bolts passing through the principal rafter. See sketch 
C, Fig. 150. These forked , eyes must be proportioned 
to be as strong as the rods, of which thev form the ends. Fig. 
151 gives front and side views of a forked eye. The total area of 
metal on the section AB, at both sides of the holes in the two 
cheeks of the fork must be at least T.25 times the area of the 
rod at E. 
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The total area of the metal at any other cross section of the 
fork below AB must also be 1.25 times that of the rod at E. The 
total of the two sections in the cheeks at DC must be at least 
equal to area of E. In the case of single eyes, which very often 
are needed in roof construction, the same directions hold good. 
Assuming that the right hand view in the sketch Fig. kS T is the 
side of a single eye. The total metal on both sides of the hole must 
be i.2q times that of the area of rod at E, and the area of section 
on line CD must equal area at E. The formation of the portion 
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where the transition from the sound to the rod to that of the 
eye takes place, will need to be carefully considered lest a defic¬ 
iency of area occur. 

652. The tie rod named 9-21 has a stress of 17,000 at the 
ends. 

The area required will be:— 

17000 

- = 1.06 sq. inches. 

16000 

A circle having a diameter of 1 3~i6in. contains just a little 
more than this area, hut sufficiently near to suit. The stresses 
are less in the central sections, and the rod may be reduced pro¬ 
portionally if thought worth while. The tie rod is to be pre¬ 
pared with eye holes for the vertical rods. The total of the 
metal on both sides of the eye holes must be at least 1.25 times 
that of area of rod. The plan in sketch D, Fig. 150, shows the 
way the eye is formed. A gib and cotter should be provided at 
both ends for tightening up the truss. The sketch at A, Fig. 150, 
shows the arrangement for this. The end of the tie rod is flat¬ 
tened to fit between two links, which in their turn, are held by. 
the bolt to the plates at the foot of the principal rafter. The 
gib and cotter connect the tie bolt to the links. The rib and cot¬ 
ter may fail by shearing through, or by bearing into the end of 
the tie rod or links, or by the tie rod or links bearing into them. 
The gib and cotter together must, therefore, be stout enough to 
have a safe double shear, and a safe bearing strength of 17,000 
lbs. The total area of metal on both sides of bole for gibs and 
cotter, and on that for bolt, must be at least 1.25 times that of 
area of rod. 

653. Assuming that the gib and cotter have each a thickness 
of .75 inch, and that the breadth over the two at the least posi¬ 
tion to which the gib may be driven, will be T.25 inch. Then 
a section through the two will be T.25 x .75 — .9375 sc l- inch 
area. Multiplying this by the safe strength in shear per sq. inch, 
and by 2 since it must shear on two sections, we get 

•9375 x 12000 x 2 = 22500 lbs. 

as safe shear. But the stress will not be more than 17,000 lbs., 
so that there is plenty of margin with this size of gib and cotter. 
Now try the bearing. This will be greatest where the cotter 
bears against the links. The bearing area on each link will be 
obtained by multiplying the thickness -75 hich of the cotter by 
*he thickness 5~8in. of the link by which 
.75 x .625 = .468 sq. inches. 

This must be multiplied by 2 


to give 


.936 sq. inches. 
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lhc area of the two bearings one on each link. This area must 
be multiplied by the safe bearing strength as follows: — 

.938 x 25000 = 23450 lbs. 

ihe stress is only 17,000 lbs., so that there is ample strength, 
i he thickness of the links might be reduced were it not for 
the tension stress, which we will find requires all the thickness 
allowed to resist them. 

Ihe links must be as strong as the tie rod to resist tension, 
that is to say, they must have 1.25 times as much effective area as 
the tie rod. The links are 2 inches high ; out of this .75 of an 
inch must l>e cut for the gib and cotter. This leaves an effective 
height of metal of r.25 inch. Multiplying this by the thickness 
we get — 

r.25 x -625m. — .782 sq. inch. 

as the effective area of one link. The effective area of two 
links will be: — 

„ .782 x 2 = 1.564 sq. inch. 

One and a eiuarter times the area of the tie rod will be: — 

1.107 x 1.25 = 1.38, so that the links are a little stronger 
than 1 J 4 times the tie rod. 

The end of the tie rod is 2 inches high and 1.5 inch thick. 
The area of cross section of this will therefore be 
1.5 x 2 — 3 sq. inches. 

The hole for the gib and cotter will be 1.5 x .75 = 1.125 sq. 
inch. This area taken from 3 sq. inches will leave — 

3 — 1.125 = 1.875 as the effective area of end of tie rod after 
the hole for the gib and cotter is made. This area will be more than 

times that of the rod itself. It is perhaps a little wasteful, 
but the thickness of the end must equal 1V2 inch, since that is 
the thickness of the two plates plus the web of the principal rafter. 
This determines the separation of the links, .and the end of the 
tie rod must fill the space. 

The bolt holding the links to the gusset plates must be de¬ 
signed like a rivet to have a safe double shear, and a safe bearing 
strength in two j^inch plates of 17,000 lbs. 

654 The principal rafter will be a T section. Anything 
less than 3m. x 3m. x j4in. would even, if strong enough for the 
stress, be too small for the satisfactory jointing at intersections 
of members with it. For instance, the eyes of forks at the joints 
like C sketch, Fig. 150, would have insufficient room if a section 
with a web less in depth, were selected. Again, even this sec¬ 
tion is rather small to allow of properly rivetting the purlin 
brackets on at head and feet, as shown by Fig. 150. It often 
happens that a section which will be safe enough for the stress 
will be too small for the practical contingencies of construction. 
The principal rafter will be of the same section throughout, but 
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the greatest stress will be in the lower portion named i _ o 

Here the stress is 16,000 lbs. Taking a 3m. x 3m. x y 2 \ n . as the 
smallest allowable section for practical purposes, it will" be neces 
sary to try it for strength as a strut. The length will be 82c 
inches. The value of r for this section is ,6 3 6in. The first step 
will be to determine the allowable maximum stress in the strut 
as follows:— 

82.5 

17000 — 57-= q6o6 lbs. 

.636 

The formula for the strength of strut gives:— 


Strength 


2 76 x 9606 

82-5 * = 18067 lbs. 

36000 x *636- 


that 


This is much too great on the face of it, but remembering 
the ratio of — is very much over 125, it will be obvious 


that a fair excess carrying capacity by the calculation is just as 
well. At any rate less than this size of section cannot be used 
for the reasons given above. It is perhaps as well to point out 
that the portion of the principal rafter dealt with above is taken 
as a strut with both ends fixed, and the formula for that condition 
was used accordingly. We may now take one of the struts as 
an example. Let it be that named 18 -12. This strut is 126 
inches long, and has a stress of 5,900 lbs. to resist. The allow¬ 
able working stress will be:— 


126 


17000 — 57- = 7025 lbs. 

. 717 

A T Section 3 } 4 in. x 3 j 4 in. x 3~8in. with r = .717, and area 
of 2.49 sq. inches is the nearest likely to suit the conditions. 
Applying the formula as follows.— 


Strength 


2-496 x 7025 

x 126- = 6456 lbs. 

18000 x 717 2 


which will be quite near enough. The flange will show a little 
wider than that of the principal rafter, but this will not be of any 
consequence. The struts are pin-bearing at both ends, hence the 
quantity, 18,000 was used instead of 36,000 in the formula. 

655. The sketches C and D, Fig. 150, show the 
methods of jointing the struts with other members. 
At the bottom the web is removed, and the flange 
bent so as to lie flat on the eye in tie rod. An eye 
hole is made in the flange to allow the tension rod to pass through. 
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The upper end is cut off to fit against the lower edge of web of 
principal rafter. Fish plates J A\n. thick are then placed on each 
side of webs of strut and principal rafter. The fish plates are 
rivetted to web of strut. The rivets must be strong enough to 
resist the stress in the strut. For example, the stress in strut 
18 - 12 is 5900 lbs. By reference to table XUI. it will be seen that 
a J^in. rivet in single shear will stand safely 3,680 lbs., and a safe 
bearing stress in J 4 in. plate of 7,8to lbs. Since in this case the 
rivets are in double shear, both shearing and bearing will be quite 
resisted with one ^in. rivet. It will, however, be necessary to 
keep the plates in line of strut. Consequently two 
rivets will be necessary. The bolts holding fish plates of 
struts and forks of tension rods to the principal rafter must like¬ 
wise be made strong enough to resist shearing and bearing due 
to the various members. These bolts or pins, if long, have also 
a tendency to bend, a failure which must also be provided against. 

The foot of the principal rafter is connected with rivets to 
the gusett plates, which make a connection with the tie rod. If 
these rivets fail the connection between the principal rafter, and 
tie rod, would be broken. 'The stress from the principal rafter 
to the gusett plates is 16,000, that being the stress in the lower 
end of the principal rafter. By table XLII. the safe double 
shear value of a $4in. rivet is 7,360 lbs., and the safe bearing 
value of Y'z in. plate is 7,810. Taking the least of these, and by 
it dividing the stress, we obtain:— 

16000 

- — 2.17 rivets. 

7360 

The nearest to this would, of course, be 3. Since there is 
plenty of room, four are shown in the sketch. This gives some 
extra strength without appreciable extra expense. 

656- Steel roofs of large span.— In the design and construc¬ 
tion of steel roofs of large span, special provision must be made for 
expansion and contraction of the metal. This is effected by 
allowing one end of the truss freedom to more on its bearing, 
For such cases the stress diagram will be somewhat different to the 
the diagrams described in these articles. Provision for expan¬ 
sion and contraction will not, however, be necessary for roofs 
of less than 85 feet of span. The scope of these articles pre¬ 
cludes any attempt to deal with roofs of span large enough to 
require allowance for expansion and contraction. 

657- Braced Girders, —These girders are useful for many 
purposes in building construction. They are, however, deficient 
in stiffness, so that they cannot take the place of the plate test 
girders, described in Chapter X., for carrying walls. Fig. 152 
shows a form of braced truss known as a warren girder. It 
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consists of top and bottom flanges, braced vvth diagonals of which 
some are in tension and others in compression. The stresses are 
determined in the same way as described for roof trusses. The 
girder shown by sketch, Fig. 152, supports seven loads, of which 
two are at the ends over the piers. The loads named by the 



figures at each side of them are set to scale on a vertical line 
XY. From the loads on this line various lines are drawn parallel 
to the different members of the girder, just as would he done 
in the case of a roof stress diagram. The members in com¬ 
pression are shown dark, and those in tension are shown light in 
the sketch of the girder. F : g. 153 shows a lattice girder, together 
with its stress diagram. Warren and lattice girders are built 
up of Ls or Ts rivetted together in the same way as similar 
members on roof trusses 
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CHAPTER XII. 

ARCHES, BUTTRESSES, AND RETAINING WALLS. 

658- The Calculations Necessary to arrive at the strength 
of arches are of a very abstruse and complicated nature, and 
quite beyond the scope of these articles. A graphic method 
which gives results on the safe side may, however, be easily 
understood, and will be of interest and value to the student. 

Fig. 154 shows the half of an arch and its load. Without the 
other half this portion would immediately turn inwards about 
the point P. Strictly speaking, however, it would be considered 
to turn not on P, but on the point A, some little distance in 
from the outer point P. This is a practical provision, for crush¬ 
ing would occur at P, and actual turning would take place as 
described at the point A, which is safely placed at J 4 the width 
oi' arch ring in from P. The turning of the half arch and its 
load, as shown in the sketch, will, therefore, be taken as 
about the point A. Its tendency to turn about A would 
be its moment about A. The moment would be its weight acting 
through its centre of gravity, multiplied by the distance of its 
line of action from A. We will assume that the weight of the 
half arch and its load is represented by W. This weight would 
act through the centre of gravity, marked CG on the showing. 
The distance of the line of action through CG from A is marked 
a on the drawing. 

The moment of turning about A would therefore be Wa. 
*Now, since the other half of the arch is to provide a thrust 
H to hold this half up, and since this thrust must have an 
equal and opposite moment about A, it will be possible to deter¬ 
mine the amount of this thrust, H, if we knew its leverage The 
thrust must act somewhere within the middle half of the arch ring 
at its upper portion. It has been marked at the upper point of 
the middle half of the arch ring on the sketch, and denoted by 
H; it will have a horizontal direction, and, indeed, is known as 
the 1 horizontal thrust. The perpendicular distance of the hori¬ 
zontal thrust from A is marked h on the sketch. The moment of 
this horizontal thrust about A will therefore be Hh. We may 
now assume that the other half of the arch is restored, and that 
it gives the horizontal thrust PI to hold up the half shown in 
the sketch. If the arch be safe, the moment of turning inwards 
of the half arch must be equalled by the opposite moment of 
this horizontal thrust of the other half, or 
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Hh = Wa. 

Now if we know h, a, and W, it will be possible to find the- 
value of H, since 

Wa 

H = — 

h 

Let the following distances and he : ghts be assumed for the half 
arch illustrated by sketch, Fig. 154. 

W = 81.52 lbs. 
a = 1.6 ft. 
h = 8.2 ft. 

Then H = — 15.9. 

This value of H is set out to scale by the line XO. From X a. 
vertical line P drawn, and on it are plotted to the same scale as H 
the amounts of the various loads per foot of the weight on the 
half arch. These loads are numbered 1, 2, 3, 4, 5, 6, 7, 8 and 9 
on the half arch, and correspondingly on the load line iX. Lines 
from O are then shown to the various points on the line iX. The 
line H is then drawn parallel to xo and produced to* 
meet meet the line of load 9 on the half arch. 

From this point of intersection a line is drawn paral¬ 

lel to O9 until the line of load 8 is intersected. From this latter 
intersection a line is drawn parallel to 08 . And so on, lines are 
shown parallel to the various lines O7, 06 , O5, O4, O3, O2 and 
Oi to meet the lines 7, 6, 5, 4, 3, 2 and 1 on the half arch. A 

curve DE, composed of a number of straight lines, called the 

line of resistance J is thus produced on the half arch ring. This 
line of resistance must throughout jts length be within the middle- 
half of the arch ring shown by the slotted lines. The value 
of H may be increased or decreased by varying the lengths of a 
and h; for instance, it may be increased by lowering the line 
of H, thus making h less, and it may be increased by making a 
longer. It must be noted that any position of H from D to C r 
and any lengths of a from a to b, which will give a value of H 
that will allow of the line of resistance falling within the middle 
half will be permissable. If none of these values will give such 
a result, the arch would be unsafe, and the ring would have to 
be widened. It will be noted that the triangles OX9, O98, O87, 
etc., are really force triangles, each determining the direction of 
its corresponding portion of the line of resistance. 

659. Strength of Buttresses.— Fig. 155 shows side elevation 
of a buttress with a thrust PA applied at the point X. The 
thrust tends to turn the buttress outwards about the outer point 
C of the middle half of the lower portion. This moment of 
turning outwards will be the force or thrust PA multiplied by 
the perpendicular distance BC of the point C from the line of 
force PA. For example let PA = 5188 lbs., and BE 6.5 feet. 
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The moment of PA will therefore be 5188 X 6.5 = 33,722 
ft. lbs. This moment must be opposed, and at least equalled by 
the moment of the force due to the weight of the buttress to 
turn round the point C. The total height of the buttress if of 
brickwork would be 24,090 lbs, taking the weight of brickwork 
at 150 lbs. per cubic foot. This weight would act along a line 

AD, passing through the 
centre of gravity of the whole 
buttress. The distance of 
this line of action from the 
point C would be 1.4 ft., which 
would be the leverage of the 
weight of the buttress in its 
action about C. The moment 
of resistance to turning of the 
buttress would therefore be 

24,090 x 1.4 = 33726 ft. lbs. 

which is a few pounds greater 
than the moment of turning. 
The buttress would therefore 
be safe. 

An alternative method on 
the principle of the triangle 
of forces may be used as fol¬ 
lows :—Produce the line of 
thrust of PA until it cuts the 
line passing through the cen¬ 
tre of gravity. Set out to scale 
AD the total weight, 24,090 
lbs., of the buttress. From 
D draw a line parallel to PA, 
and make it equal to PA, 
namely 5,188 lbs. Join the 
end E of this line with 
A. Then AE will be the re¬ 
sultant of the two forces PA 
and AD. This resultant, 
if produced, must pass within 
the middle half of the lower 
portion of the buttress. Tn the example it just passes at the 
right-hand extremity of the middle half. 

660. Retaining Walls- —A bank of earth or clay, or other 
loose material, if formed with a vertical face, would soon fall 
away and form a sloping surface. Each kind of material has its 
own particular slope or angle of repose, as it is called, lower 
than which it will not further slip. A wall to retain or hold a 
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bank of sand, earth or clay, must therefore be strong enough to 
keep the wedge-shaped sliding portion in position. This wedge of 
material acts through a line at a point 1/3 of the height of the 
retaining wall from the bottom thereof. The effect of the wedge 



Fig. i 5 6 - 
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along this line may be calculated as follows:—Let the line BE r 
sketch I., Fig. 156, represent the back of a retaining wall. From 
the bottom of this line set up a line AE, making an angle equal to 
the angle of repose of the material to be retained. Produce the 
line of slope of the upper surface of the bank to meet AE at A. 
Bisect AE and describe a semicircle on it. From B draw a line 
perpendicular to AE, until it meets the semicircle at F. With H 
as a centre, and AF as radius, describe an arc to cut AE at C. 
Measure the amount of CE. 

Then the horizontal component of the pressure of the wedge 
of earth at a point. 1/3 of BE will be:— 



in which W equals the weight of a cubic foot in lbs. of the earth 
to be retained. The result of the calculations will be in lbs. This 
result is to be set out to scale NM, as shown. From the point 
of application draw a line parallel to the slope of top of bank. 
Cut this line at H by a perpendicular from M. The line NH 
will be magnitude and direction of earth pressure on wall. Sketch 
2, Fig. 156, shows the modification necessary when the top of 
bank is level. Sketch 3, Fig. 156, shows an application of the 
method to a wall 7ft. high to retain clay with an angle of repose 
of T = 45 0 , and a weight per cubic foot of 135 lbs. CE 
measured from the drawing equals 2.4 ft. Then 



is the horizontal component of the clay pressure at 1/3 of the 
height of wall. The pressure parallel to slope of top of wall will 
be 420 lbs., found by drawing as above described. This pressure 
will have an overturning effect at O, the outer extremity of the 
middle half of lower part of wall. The moment will be 
= 420 lbs. X DO = 420 X 630 ft. lbs. 

The weight of a wall, 7ft. high, 22V2 inches at bottom, and 14 
inches at top, will be 1785 lbs. This weight will act vertically 
downwards through the C.G. of the wall. The distance of the 
line of action of this force from O = .65 ft., so that its moment 
about O will be 


= .65 X 1785 = 1160 ft. lbs. 


This is much more than the moment due to the earth pressure. 
A reduction of d J /2 inches of thickness of the wall would, 
however, make it too light, so that the above size would remain. 

An alternative method by the triangle of forces is shown on 
the sketch. The line of pressure PD intersects the line of 
weight of the wall at II. From II set out the weight of wall 1785 
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lbs. to scale. From the bottom of this amount draw a line 
parallel and equal to earth pressure; join the end J of this line 
with H. Then JH will be the resultant of the earth pressure 
and weight of wall. This resultant must pass through the middle 
half of the lower portion of the wall, which it does, as shown by 
the sketch. 

The material retained by walls should be well drained, other¬ 
wise the angle of repose calculated upon will be lowered, and 
the estimated strength of wall will be exceeded. 

661. Small Dams. —The calculations for walls or dams to 
retain water are much more simple than for those to retain earth 
or such material. At any rate, such is the case with small dams. 

The sketch 4, Fig. 156, shows a section of a small dam. The 
pressure at the back AE of the wall is proportional to the height, 
and is perpendicular to the back of the wall. The line EC is 
equal to AE; join AC, then the triangle represents the pressure 
at Lick of wall. The pressure will act through the centre of 
gravity of the triangle, as shown by the line P. To determine 
the pressure along P, it will be necessary to find the weight of a 
triangle equal to AEC of water 1 foot thick. Find the 1/3 of 
AE. Then the pressure 'of the weight of the one foot thick 
triangle of water will act at this point. A piece of the wall 1 
foot long must then be designed to resist the pressure. 


TABLE XLVI. 


Angles of Repose of Various Materials. 


Kind of Material. 



Sand 

Earth 


25 

30 

45 

48 


Clay (well drained) 
Gravel 
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CHAPTER XIII. 

SHORING AND UNDER-PINNING. 

662. The Operation of Shoring up, or under-pinning a 
structure, is one that is frequently met with in practice, and it 
is not by any means among the least important of the many 
matters, which during building erection, require the exercise of 
the judgment and skill of the supervising Architect and the 
builder. 

663. Raking Shores. — The inclined prop or support to hold up 
the wall of a building is called a raking shore. One of these 
shores is generally allowed for each storey in the building to be 
shored up, and they are arranged one above the other in groups, 
which are about 15 feet apart. An upright piece of timber called 
a wall piece is placed against the wall to receive the heads of the 
shores in each group. Connection between each shore and wall 
pieces should be made by mortising the wall piece and inserting 
therein a piece of timber called a needle, the outward projection 
of which forms the abutment for the top or head of the shore. 
Of course care must be exercised that the needle, in any case, 
is strong enough to resist cross breaking by the upward pressure 
of the shore. The piece of timber against which the bottom ends 
of the shores abut is called the sole piece , and its solid and secure 
foundation, in every case, is a matter of the greatest importance. 
Pieces of timber are used cross wise to brace the shores in each 
group together, and they should be connected to the shores with 
bolts. 

664. Sizes of Timbers for Shores. — The following table of 
scantlings for raking-shores in cases of shoring adjacent but sound 
buildings against ace : dent during excavation, etc., will be found 
useful. 


SIZES OF SCANTLINGS FOR OREGON PINE RAKING SHORING 

TIMBERS. 


Height of Wall to bo Shored. 

Crofis-seotion of Raking Shore. 

15 to ‘20 feet 

bin. x 4.n. 

20 ,, 30 

9in. x 4in. 

30 ,,40 ,, 

lOin. x 5in. 

40 ,, 50 ,, 

12in. x bin. 

50 ,, 60 „ 

P2in, x Sin 


Anglo of inclination about 60rleg. 

665- Flying Shore is the name given to a shore which acts 
horizontally between the two structures to be shored up. For ex- 
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ample take two houses, separated by about 30 feet, and between 
which a new building* is to be erected. During the excavation work 
it will be necessary to shore the two against accident and collapse, 
and this may be accomplished by arranging the shores, not raking, 
but horizontally between the two buildings, so that each shore 
abuts against one as well as the other. For the sake of stiffness 
and prevention of “sagging” the shores in each group are strutted 
and braced together, much on the same principle as a roof truss. 

666- Vertical Shores are those used to support a wall, or part 
thereof, independently of foundations, during alterations such as 
making of openings and so on, or while repairs are being made, or 
sometimes while new foundations are being built in. A case of com¬ 
mon occurrence is when an opening, for a shop front or some such 
purpose, has to be made in an existing wall. The space above 
where the opening is to be, is first made secure against collapse 
by being temporarily supported or under-pinned by small “small 
beams” or “needles,” which are themselves supported by strong- 
upright timbers or columns. A longitudinal opening is then 
made, and either the oermanent supporting arch or girder, as the 
case may be, inserted. The wall above the arch or girder is then 
made good, so that the weight of the upper part of the wall 
may be considered as fully resting on the arch or girder and 
permanently supported. To be successful it will be necessary to 
see that the making good above the arch or girder is solid and 
tight, and that the arch is firmly supported at the skewback, or 
that the girder, if such be used, is securely bedded at the bearings. 

The next step will be to make the desired opening in 
the wall by removing that portion which is between the supports 
of the arch or girder and making good the jambs. 

667* Under-Pinning is the term applied to the process of 
building new supports or foundations in under the piers or walls 
of an existing building. When the excavations for the basement of 
a building to be erected will descend to a level below that of the 
bearing of the footings of an adjacent building, right up against 
which it is intended to build, it becomes necessary, unless the 
nature of the foundation be of an unyielding character such as 
rock, to ensure the safety of the existing structure by building 
in under its footings a foundation wall which will reach down to 
the level of the founda ions of the new building. The necessity 
for so doing will obvious, for if the excavations were carried right 
up to the boundary, the material (if it be clay or such like) com¬ 
posing the building site will crumble and fall in, causing collapse 
of the building wall resting on it. The troublesome and exceed¬ 
ingly hazardous work of under-pinning may be accomplished by 
proceeding as described in the following article provided that the 
natural foundation is of a fairly stiff and reliable character. 
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668. Under-Pinning* of a Wall rendered necessary by exca¬ 
vation for basement of new building*. The excavation for the base¬ 
ment is commenced in the middle of the site, and carried down to 
the desired level and towards the adjoining- building* until within 
about 12ft. thereof, so that a strip of land of that width is left 
completely along the foundation. Twelve feet as the width of 
such a strip is mentioned, but, of course, circumstances will alter 
the allowance such as, for instance, where the building is very 
high, or where the natural formation of the site has a tendency 
to be soft, the strip left must be much wider than if the natural 
foundation is good, or the building comparatively low. In any 
case it will be necessary to have plenty of allowance on the side 
of safety. The side wall of the adjacent building is then well 
propped up with raking shores. A small cutting is 
next made through the strip of sustaining earth- at 
right angles to, and running in under the foundation of 
wall, and in the opening so made is built a vertical strip of new 
foundation wall, the joint of top of which with bottom of existing 
wall is packed tight, so as to ensure a full and secure bearing. 
Another cutting is made some distance ahead and another strip 
of foundation wall built in the same manner, and so on at inter¬ 
vals until the whole of the wall rests securely on vertical sections 
of the under-pinning. The intervening masses of earth are then 
removed, and the vertical strips connected with walling of similar 
character. The under-pinn’ng is generally executed in brick¬ 
work, which requires that great care shall be taken to have the 
course in the various strips, on the same level, and the bond 
properly set out in each, so that when the intervening spaces are 
built in, there shall be perfect continuity of the courses and bond . 

669. .Under-pinning should always be built in Portland 
Cement mortar, and the building of it should not be too fast, so 
that the settlement, whatever there may be, in itself, may take 
place prior to the imposition of the weight of the wall. 

670- Under Pinning in Bad Foundations, — In the event of the 
material of the site being sand or some such material of little 
lateral stiffness it will be impossible to commence excavating the 
site before the completion of the work of under-pinning. After 
first shoring up the wall the next thing to do will be to sink a 
vertical shaft to the level of the proposed bottom of the new 
foundation wall. Working in this shaft, it will be possible to 
excavate a space under the wall, and so make room for the 
binding in, of a vertical strip of, or section of the new foundation 
wall. Similar shafts are then sunk at intervals along the wall, 
but it will be noted that a fresh shaft is not commenced until the 
strip is built in, and packed up from the last one. The strips 
are connected by removing the intervening material, and building 
in the intervening lengths of wall. Of course the material at 
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the sides of the shafts will have a tendency to fall in, and the 
methods of preventing this as applied to all such cases will be 
described in the next article. 

671- The Shoring or Timbering of Excavations, such as 
Shafts, Trenches, and Cuttings.—To prevent the earth, forming 
the sides of a trench or shaft, from falling in, it is necessary to 
temporarily retain by placing against them, upright or horizontal 
timbers, called polling or sheeting boards , which are kept in 
position by horizontal cross struts, from one side to the other. 
The polling boards are generally placed horizontally, but it is 
sometimes convenient to have them vertically. In very loose 
material it is necessary to have the sheeting or polling boards 
placed quite close together, in which case it is usual to have longi¬ 
tudinal ledge timbers or waling pieces crossing them, and against 
which the struts will act. 
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CHAPTER XIV. 

FIRE RESISTING CONSTRUCTION. 

To deal satisfactorily with this subject would require space 
altogether beyond what is available with the limit of this little 
book. The subject is, however, too important to allow of being 
quite neglected. A few hints, even if very brief, will be of value. 

672 - Small Buildings.—The use of timber lining for ceilings 
and walls of even small dwelling houses should be avoided. Plaster 
or steel plates is much safer, as offering a little more resistance. 
In houses built of stud walls and external weatherboards the 
plaster or steel stamped plate linings is even a greater necessity 
than in the case of brick or masonry construction. Shingles 
on the roofs of any kind of building is a dangerous covering, since 
sparks from the chimneys may easily cause ignition. Attached 
houses should have party walls carried right up, and finished 
with parapets. All fire places should have ample hearths of 
stone, concrete, or tile. This applies especially to the laundry 
copper furnace, and kitchen fire place. Gas brackets should be 
placed in positions where they will be as distant as possible from 
lace curtains of windows, and curtains of beds. 

673 . The Americans, by whom the subject has had especial 
attention, divide the subject into three classes:— 

(i) First Class or Fire-Proof Construction,—This applies to 
buildings of a public or semi-public character, such as 
theatres, hotels, public halls, churches, block tenement houses, 
office buildings, and large commercial buildings. Buildings 
in this class must have the best protection from fire of out¬ 
side origin. They must be specially planned to facilitate 
rapid sub-division internally into isolated spaces by auto¬ 
matically closing heavy timber doors covered with tinned 
iron plates. All stair and elevator well holes must be 
covered in with fire-resisting walls and also be fitted with 
automatically closing fire proof doors. The construction 
must be such as to offer the best resistance to fire. Pre¬ 
ferably the walls are to be of brickwork, for it must be 
remembered that clay products are amongst the best fire- 
resisting materials. All steel stanchions and girders must 
be protected with either terra cotta lumber blocks, steel 
lathing and plaster or concrete. The floors and roofs 
be of arched terra cotta blocks or reinforced concrete. As 
far as possible the roofs are built the same as floors, or are 
covered with fire-resisting material. As little timber as 
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possible is used, indeed it is really wonderful how little timber 
is used in a first-class fire resisting building. All window 
frames, sashes, door frames, doors, and attached mouldings, 
are of steel. Not even the hand-rails of the stairs are of 
timber. A great source of danger from outside fire exists 
when ordinary glass is used for the windows. The glass 
bursts in the earliest stages of either inside or outside fire, 
and a rapid spread of the latter is allowed. In all the first- 
class buildings glass with embedded wire is used, This glass 
stands fire well, or at any rate holds it back for a while. 

(2) The second class is called Mill Construction- This class 
includes factories and warehouses ; all floors and roof timbers 
of, at least, 80 square inches in cross section; all flooring not 
less than 3^in. thick; and all wooden columns not. less than 
100 square inches in cross section; subdivided into easily 
isolated divisions; and all elevators and stairs closed in with 
materials of strong fire resistive power. Timber of heavy cross 
sectional area is remarkably slow burning. This is especially 
the case with the Australian hardwoods. An ex¬ 
cellent illustration of its behaviour under the influence 
of severe fire was afforded in the case of a large fire in 
Sydney some years ago. The fire—which lasted for 2*4 
hours—occurred in a large building used as a sawmill and 
joinery works, in two stories, the upper one supported on 
I2in x I2in. ironbark storey posts or columns. One of the 
storey posts was near to a saw bench of cast iron. The 
intensity of the heat may be estimated by the fact that the 
top of the saw bench was melted. The column was not greatly 
damaged by the fire, being charred for only one inch from 
the original surfaces and the inner portion was as good as 
ever, so that only a comparatively small percentage of the 
carrying power was lost. This test brings out vividly what 
has all along been the experience of firemen, and there can 
be no doubt that where the breaking strength will, under 
ordinary conditions, suit the requirements of loading, as in 
the case of floor supports in large buildings, and tor supports 
of front walls of ordinary business premises, ironbark 
columns and girders are preferable to those of unprotected 
or imperfectly protected steel. 

(3) The third class, Slow Burning Construction for such 

buildings as small business premises and dwelling houses; 
provides, as suggested above, for as much protection from 
adjacent outside fire as can be got by attent'on to parapets, 
roof coverings,' and windows, complete division in the cas( j 
of terrace arrangements; of as much as possible of material 
c UC h as plaster on metal lathing for ceilings and partitions 


AUSTRALIAN BUILDING PRACTICE. 


349 


or metal coverings for ceilings; the absence of all wood lining 
and the enclosure of the stairs. 

€74- The modern method of building in reinforced concrete 

provides for fire resistance of a very high order. The con¬ 
struction of columns and floors by this method has been des¬ 
cribed in Arts. 77 to 93 ante, and needs no further comment 
here. The method of protecting stanchions and girders with 
concrete will be found satisfactory, provided that a sufficient 
thickness of concrete be put on all sides of the column or 
girder to be protected. A thin coating is next to useless. The 
best method to prevent the heat from getting to steel stan¬ 
chions and girders is to build porous terra-cotta, in the form 
of suitably shaped hollow blocks, round, but at a little 
distance, from the column. These blocks are allowed to 
touch the column as little as possible, but are secured thereto 
by stout copper wire anchors, and are held together by 
mortar. Several severe tests, under actual conditions, of 
this class of fire proofing of columns have accidentallly occur¬ 
red in burning buildings, and the results have been most satis¬ 
factory; the columns being in no way damaged, nor their sup¬ 
porting powers interfered with. The terra-cotta is of 
course wholly covered with an external coat of plaster. 
The porous terra-cotta referred to, is fire-clay (or fire-clay 
and ordinary clay together) mixed while wet, with sawdust 
or fine ground coal, which during the firing in the kiln is 
burnt out, thus leaving the terra cotta full of minute holes, 
and so greatly reducing the weight and rendering it not so 
liable to crack, if, when heated, it is sprinkled with water. 
Floors are built with these terra-cotta blocks in the form 
of flat arches with steel H beams (kept in position with tie 
rods) for abutments. At first the blocks for these arches were 
made with the voids at right angles to the line of thrust, 
but as will be obvious, much of the material under such con¬ 
ditions was useless, and it soon became the practice to make 
the voids parallel to the line of thrust. The blocks are 
about 10 inches high and 5 inches broad and of varying 
length. Of course the height and width may be varied to 
meet different conditions. The TI beams are spaced about 
7ft. apart. The blocks are cut wedge-shaped, and are laid in 
cement mortar on a temporary centering. The upper surface 
of the block is covered with a layer oi concrete, about 4 
inches thick, in which are laid 3m. x 2in. joists. Ordinary 
flooring is nailed to the joists. The under side of the terra¬ 
cotta lumber is plastered to make a finish for the ceiling. 
These terra-cotta blocks make excellent partitions. 
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CHAPTER XV. 

ROOF PLUMBING. 

675. Materials —The materials used by the plumber are lead, 
galvanised iron, zinc, muntz metal, and copper. Tin is also used 
as a component part of solder. 

676. Lead is one of the metals, and is prepared for the use of 
the plumber by being rolled into large sheets. These sheets are 
7ft. 6in. wide and 28ft. to 30ft. long. These are made into 
rolls, and supplied in that form to the plumber. 

677- Lead is described by the weight per square foot, and is 
rolled in weights of 31b., 3 1 /2^b., 4lb., q^lb., 5II)., and 61 b. to the 
square foot. 

678- Galvanized Iron is thin rolled iron dipped into a bath 
of zinc, which gives it a bright and rust resisting external 
surface. It is supplied in flat and corrugated sheets. The flat 
sheets are 6ft. long in widths of 2ft., 2ft. 6in., and 3ft. The 
thickness of the iron is called the gauge. For building purposes 
it can be obtained from 16 gauge to 28 gauge; 22 gauge and 24 
gauge being those most generally used. Corrugated galvanized 
iron is the name given to the sheets when formed into waved 
surfaces across the width. The corrugations stiffen the sheets. 
The width from the top of one corrugation to the top 
of the next is usually 3m. The depth of the corrugation is 
24 in. The sheets when corrugated are 2ft. 2^4 in. wide. 
The gauges most generally used are 24 and 26. That most 
generally used is 24 gauge. Anything thinner than this should 
not be used. 

679. Zinc is prepared in sheets, 7ft. x 2ft. 8in., 7ft. x 3ft., 
and 8ft. x 3ft., and the thickness is described by numbers, as 
follows:—7, 8, 9, 19, 11, 12, 14, 5, 6, and so on up to 26. 7ft. x 
3ft. is the size usually used for building work. 

680. Muntz metal is an alloy, consisting of 3 parts of copper 
and 2 of zinc. It is prepared in thicknesses weighing from 16 
ounces to 20 ounces per square foot. 
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681. Copper is supplied in sheets 8ft. x 4ft., 8ft. x 8ft., 6ft. x 
4ft., and 4ft. x 4ft., and in weights of from 16 ounces to 32 ounces 
per square foot. It is also procurable in a weight of 3lbs. to 
the square foot. 

682. Tin is supplied in 141b. ingots. 

683. The solder used by the plumber for jointing is divided 
into two classes, i.e. 

(a) Spelter. 

(b) Soft Solder. 

Spelter, for brazing brass, is composed of 2 parts of zinc and 

1 of copper; and for brazing copper and iron, 2 parts of zinc and 
3 parts of copper. 

Soft Solder, for wiped joints, consists of 1 part of tin and 

2 parts of lead. 

684. Corrugated Galvanized Iron is used principally for roof 
covering, and occasionally for walls. The side joints of the 
sheet should have laps of two corrugations, end laps or joints 
should be not less than 9 inches. It is secured to the battens by 
means of ganvanized iron screws and washers. Two washers 
under the head of each screw should be used, one of galvanized 
iron and the other of lead. The lead washer is put under the 
galvanized iron washer, so as to make a joint between the washer 
and the galvanized iron. If the lead washer alone were used, the 
process of screwing the screw into position would cause the lead 
washer to “cup,” thus allowing the entry of water. The screws, 
should be driven with a screwdriver, and not as is sometimes 
done, with a hammer. If the latter be used the screws will have 
no hold and will be drawn out by the stress due to the heat of 
the sun. Screws should be put in in rows, not more than 36m. 
apart, and not more than two corrugations should be missed in any 
row. This should be done, not only in the rows of screws at 
the end laps or joints, but also in the rows of screws across the 
centres of the sheets. The battens to which the galvanized iron 
is secured should be 3m. x iin. Oregon, or similar pine. Before 
fixing, the edges of the galvanized iron should be dressed so as 
to cling tightly at the side laps. 

685. Zinc is sometimes used as a roof covering. For 
this purpose it is unsuitable, on account of its great 
liability to corrode. Especially is this the case in city atmos¬ 
pheres, where soot and aciduous solutions set up galvanic action 
with the zinc and eat it away. If zinc be used, soldered joints 
should be avoided. The joints are made with rolls in the same 
way as for lead, which will be described in the next article. As 
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already noted, the sheets are made 3 feet wide. This circum¬ 
stance will regulate the spacing apart of the rolls. 

686- Lead as a roof covering is generally used for very low 
pitches, indeed, in most cases, the use is for flat roofs. As in 
the case of zinc, only more necessarily so, the joints must not 
be soldered. The side joints are made on rolls nailed to the 
boarding on which the lead is to be laid. A section of a roll 
for lead jointing is shown at F, Fig. 157. These rolls should be 
spaced not more than 2 feet apart. End joints must be made 
as “drips,” just as in the case of lead gutters. Nothing less in 
thickness than 5lbs. lead should be used for roof covering. In 
the hot climate of this country lead covered flat roofs are rarely 
successful. 

687- Gutters. —In cold countries lead is almost invariably used 
for the lining of gutters. In Australia, however, where the heat 
from the sun is occasionally very great, a material like lead, which 
is very sensibly affected by heat, is most unsuitable for this pur¬ 
pose. Lead expands, and under the restricted conditions in gut¬ 
ters, and similar places, cracks occur, and consequently leakage 
results. It is much the better plan to use either the stoutest 
gauge of galvanized iron, or, if circumstances will permit, Muntz 
metal or copper. In most cases it will be possible to use gal¬ 
vanized iron only, which, however, serves very well for the pur¬ 
pose. 

688- In the chapter on Roof Construction, the 

forms of gutters between roofs, at the backs of chim¬ 
neys and behind parapets, were described (see Art. 
445 ante) and Figs. 77, 79, and 84. The position of 
the galvanized iron, in these various gutters, is shown. 
It is here only necessary to describe the work particularly relat¬ 
ing to the plumbers’ trade. The galvanized iron should be not 
less than 24 gauge, and 22 gauge or even thicker will make very 
much better work. It must be noted that the flat galvanized 
sheet iron, used for the lining of these gutters, can be obtained 
only in sheets 6 feet long, so that joints in the length of the 
gutter will be needed, at least every 6 feet, less the 

amount of lap of joint. These joints should be formed 

with ample lap, well rivetted, and soldered on both lower 
and upper edges. An expansion joint or “drip will be 

needed about every 23 feet. The formation of the timber work 
for such a joint is shown in Fig. 8/*. If lead be used, the 
“drip” or expansion joint must be put in at least every 12 feet 
of length of gutter. It is a pretty safe rule to arrange for as 
much fall as possible in the length of the gutter, so as to provide 
for the rapid get-away of the water into the rain-water heads. 
The fall must not be less than iin. in 10 feet. A lead 

or galvanized iron lined box or “cess poor rhoul.l b e I° rm ed at 
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the ends of gutters behind parapets. This should have its 
bottom much below the end of gutter, and also below the level of 
outlet from it. By this means any rubbish is caught in it and 
prevented from stopping up the outlet to the drain pipe. (See 
Art. 445 ante). A section of cesspool is shown in Fig. 84. R 
is the outlet from the side. An alternative is to make the outlet 
with a wire mesh top in the bottom as also shown by the sketch, 
Fig. 84. The outlet in the bottom is, however, not nearly so good. 
If the outlet in the bottom be necessary, then OR] should be pro¬ 
vided as an overflow leading to the outside of building. 

689, Eaves Gutters.— -These are generally formed of 24 gauge 
galvanized iron, rolled to a shape known as “ogee,” but “quarter 
round,” and other forms may be obtained. It is supplied in 
lengths of 6 feet, which require to be lapped, rivetted and well 



soldered. Eaves Gutters are shown at A, B, and C, Fig. 157. The 
should be secured to the eaves with supporting brackets. 
These brackets are made out of 12 gauge galvanized iron 



hoop wide. They may be procured in thicker 

gauges, and even up to a quarter of an inch thick, 

y 
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They are either short tailed, as at A, Fig. 158, or long tailed, as at 
B, Fig. 158. The long tailed consists of the back of the bracket 
being long enough to go up for 3 or 4 inches on the foot of the 
rafter, to which it is secured by nailing. The short-tailed brac¬ 
kets only extend up as high as the back of the gutter, and are 
nailed on to the fascia or the end of the rafter. These may be 
easily drawn out, and is consequently not nearly so effective as 
the long-tailed kind. The brackets should be spaced 
every 36 inches, that is one to every second rafter, 
where the rafters are spaced at 18 inches centre to centre, or one 
on every rafter, where the rafters are spaced at 36 inches centre 
to centre. It is worthy of notice that the brackets are always 
to be spaced so as to coincide with the rafters as above described. 
The bracket is curved to fit the particular shape of gutter, and 
the gutter is secured to it by means of small galvanized iron 
bolts and nuts at the upper edge of the gutter. Eaves gutters 
should have sufficient fall to allow the water to flow away rapidly. 
Very often gutters are put up where this provision is not properly 
made, chiefly owing to the fact that there are not sufficient out¬ 
lets from the gutter. It is impossible to give a long length of 
gutter sufficient fall, because of the “out of lever appearance 
that it gives to the eave of the roof. The best way is to provide 
outlets into the down pipes at frequent intervals, so that the 
falls are over short lengths of gutter. The width at the top of 
the gutter is either 4 or 5 inches; the latter being the width 
chiefly used. Of course, greater widths may be used if neces¬ 
sary. All things considered, the 5 inch width of eaves gutter is 
the one most practicable; for it must be considered that if the 
gutter be too wide there is a tendency for it to lean over towards 
the front. This will especially be the case if the gutter were to 
have to hold a weight of snow. Galvanized iron over straps, see 
sketch C, Fig. 158, secured to the front of the gutter, and passing 
up the end of the rafter, are an excellent stiffening for the gutter, 
and would be worth adopting in all cases. 


690. Down Pipes are the lengths of tubing which carry the 
water from the eaves gutters to the drains. The water should not be 
led directly into the down pipe, but into a funnel at the top 
known as a “rain-water head.” These rain water heads, see H, 
Fig. 76, are ornamentally treated in accord with the design of the 
building. They are situated just below the eaves, and the water 
is led from the gutter to them by a curved piece of down pipe, 
known as a “lobster back.” The rain water head should have a 
piece of J / 2 in. mesh bird cage wire, soldered inside and near to the 
top of it, so as to strain off leaves and other rubbish which may 
be washed from the eaves gutter. An overflow spout should be 
provided on the front of the rain-water head, in case of stoppage 
in the down pipe, otherwise the water flows over the back of it. 


AUSTRALIAN BUILDING PRACTICE. 


355 


as well as down the sides, thus causing dangerous dampness in 
the walls. The down pipes should be made of not less than 24 
gauge galvanized iron, and since the lengths will occur 
at intervals of a little under 6 feet, there will be many joints. 
The joints should be well soldered. The down pipes may 
be either circular of 3m., 4m., or 5m. and upwards, in diameter, 
or they may be rectangular, either 4m. x 2in. or 4m. x 3m. and 
upwards in cross section. The rectangular pipes are the best. 
All bends should be curved, since right angles or “elbows” con* 
siderably reduce the water carrying efficiency of the pipe. The 
curves may be either single or double. The double curve shown 
at C, Fig. 159, is known as “lpbster back.” It may be formed of 
sections of the down pipe soldered together. The down 
pipes are usually secured to the wall by spike hooks, 

but are sometimes merely driven into the brick joint. If spike 
hooks are used they should be driven into cedar plugs properly 
driven into the brickwork joints as shown at B, Fig. 

I 59- A much better way is to use galvanized iron 
straps, about ^4 in. thick, and 2 or 3 inches wide, 

fitting round the pipe, with ends, through which screws are 

inserted into the cedar plugs in the wall. An example of one of 




Fig- 159* 

these straps is shown at A, Fig. 159. Wall hooks, or straps for se¬ 
curing down pipes should be spaced not more than 6 feet apart. 
Down pipes of cast iron about J 4 in. thick and of varying diameter 
are also used. They are supplied in lengths of 6 feet. 
In high-class work heavy lead, either 61 b, or heavier, is used for 
the construction of the down pipes and rain-water heads. In 
these cases heavy cast lead straps of an ornamental design are 
used. 

Down pipes should have elbows at the feet to turn the water 
off from the building. The down pipe should not, under any 
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circumstances, be connected directly with the drain, but should 
fall over a gully sink, which should be trapped. By this arrange¬ 
ment an air-break between the drain and the down pipe is effected. 

691 . Valleys.—These are inclined gutters between the sloping 
surfaces of the intersecting roofs, see sktch A, Fig. 84. The 
best material to use for the lining of these valleys is 24 or 22 
gauge galvanized iron, unless it be desired to make a better job 
when muntz metal or copper would be used. The width is such 
as to allow 9 inches from each side of the centre line of the val¬ 
ley. The edge of the iron is turned to form a “bead” at each 
edge of the valley. If this bead be not made then a tilting 
fillet should be nailed on to the board and the iron turned down 
over it, see F, sketch Z, Fig. 84. 

692 . Ridges are covered with either lead or galvanized iron. 
Lead of 5 or 6 lb., for covering ridges, serves well enough, espec¬ 
ially since it allows of the necessary dressing round the ends of 
the ridge in hip roofs. Sections of lead ridges on timber ridge rolls 
are shown by Fig. 76. Lead ridge capping is secured at intervals 
of about 6ft., with 1^2in. x )/%\r\. iron straps, screwed to the top 
of the roll. Galvanized iron ridge capping is, however, very 
much used for ridges and certainly serves very well for the pur¬ 
pose. No ridge roll is required for this kind. A section of 
gal. iron ridge capping is shown at ridges of roofs in Figs. 148 
and 150, and at E, Fig. 157. This kind is secured with gal. 
iron screws and lead washers at its lower edges. Gal. iron 
ridge capping should be at least of 24 gauge, and formed out of 
gal. iron, i8in. wide. It is supplied in 6ft. lengths. 

693 . Hips. —Either 24 or 22 gauge gal. iron or Muntz metal 
will be found much the best for the purpose since the lead in ex¬ 
panding due to heat will “creep” down the roll, and finally 
exposed the hip. Screwing the lead will avail nothing, because 
the lead will drag on the screw, leaving an elongated hole due 
to the “creeping.” The gal. iron hip covering is the same as 
that used for ridge covering. As when used for the latter it 
should be secured with gal. iron screws and lead washers at its 
outer edges. 

694 . Flashing—The sides of gutters against walls and all 
joints of roof surfaces with walls, parapets, chimneys, etc., have 
to be protected by what is called “Flashing.” 

Flashing may be either:— 

(1) Stepped. 

(2) Apron. 
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695 , Stepped Plashing is formed as shown in sketches Fig. 
160 with triangular shaped pieces. The upper level edges are 
inserted for at least i inch into the brick joint, which must be 
raked out for this to allow of such insertion. The steps over¬ 
lap each other for at least 3 inches. If gal. iron be the roof 
covering it is bent up against the wall for at least a height of 
2 inches all the way up the intersection with the brickwork. 
The steps overlap this bent-up portion, and make a water-tight 



Fig. 160. 


joint. If slates be the roof covering, they cannot be turned up like 
the gal. iron. To make the joint, zinc angle pieces called 
“Soakers” are put in under the slates, and with one side against 
the wall. The lead steps overlap these soakers and so make a 
joint. A zinc soaker S is shown on the sketch, Fig. 86. In 
this case however, the soakers are overlapped by weatherboards 
on the side of the Dormer, and hence no flashing is necessary. 
Stepped flashings are necessary with brickwork, since 
the joints of the latter are all horizontal. Obviously 
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it would be impossible to cut a joint in the bricks 
parallel with the slope of the roof, so that what is called a 
“raking flashing” cannot be used. In masonry, however, this 
may be done, and a groove called a “raglet” is cut parallel with 
the roof and long pieces of flashing are put in. This is really 
a case of apron flashing. 

696* Apron Flashing is shown at B Fig. 79, AP Fig. 84, L Fig. 
86, S Fig. 87, and L Fig. 90. As will be gathered from these 
sketches it is generally a horizontal flashing. The sketch B Fig. 
79, shows it in its most general form as the over flashing to pro¬ 
tect the vertical side of the gutter lining. All kinds of 
flashing must be of lead. For ordinary purposes, 4 lbs. is used, 
but for good work 5 lbs. is necessary. Wherever it is necessary 
to fasten it in brick or stonework, such should be done with 
cast lead wedges driven well into the groove, at intervals of about 
12 inches. 


AUSTRALIAN BUILDING PRACTICE. 


H59 


CHAPTER XVI. 

ROOF COVERINGS. 

697* Kinds of Roof Coverings, —The different kinds in use 
are;— 

(1) Slates. 

(2) Tiles. 

(3) Shingles. 

(4) Gal. Iron. 

(5) Muntz Metal. 

(6) Zinc. 

(7) Lead. 

(8) Patent Pliable Coverings. 

The ideal roof covering should be as nearly as possible non¬ 
heat conducting, durable, of good appearance, and fairly light in 
weight. It is practically impossible to get a material combining 
all these good points and a compromise is inevitable. 

698. Slates are very highly valued, chiefly on account of ap¬ 
pearance. They are, however, good heat conductors, and hence 
make hot roofs in hot, and cold ones in cool climates. This 
defect may, however, be overcome by putting a layer of felt 
or other non-conducting material under them. Another draw¬ 
back is their liability to crack, especially in such conditions as 
an afternoon’s shower of rain, following a very hot morning. 
While not being so heavy as tiles, they are yet in the class of 
heavy roof coverings. Slate is one of the metamorphic rocks; 
see Art. 222, ante . To be suitable for roofing purposes the 
rock must be so fissile as to be capable of being split into very 
thin pieces. The rock must also be durable when exposed. It 
is seldom that both thin lamination and durability are found in 
slate rock. The best quality obtainable are imported from the 
famous slate quarries of Wales. The well-known purple 
colored slates from Bangor are the best quality. This 
kind is imported in large quantities. A blue slate of poor 
quality from America is also imported in very large quantities, 
and extensively used for buildings of an inferior character. Lhese 
slates are full of small crystals of iron pyrites, which decompose 
and disintegrate the substance of the slate. 1 he consequence 
is that the slate changes to a clayey color and crumbles away. 

A green colored slate is also imported from America. This 
kind is a mean in quality between the blue American and Welsh 
slates. 

699. Sizes of Slates . Slates are cut into various sizes. The 
sizes chiefly rn use are given in table XLVII, together with number 
required per square, weight per square, and weight per square 
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foot. The regular sizes are also distinguished by names. These 
names are but little used in this country. 

The 20in. x ioin. size is however, very often referred to by 
its name of “Countess.” This particular size is a favourite 
and with some reason for it is a mean between the very large and 
very small sizes, and the proportion of width to length is good. 


TABLE XLVII. 

Giving Sizes of Slates, Weight per Square and Weight per Square Foot. 


Size in Inches. 

Number Required 
per Square 
of Sin. Lap. 

24 x 12 

115 

22 x 12 

126 

22 x 11 

138 

20 x 12 

141 

20 x 10 

170 

18 x 12 

160 

18 x 10 

192 

18 x 9 

214 


Weight per Square 
in LbB. 

Weight per Square 
Foot in Lbs. 

601 

601 

600 

6 00 

605 8 

6 06 

619 

6 19 

5712 

5-71 

582 4 

5 82 

597 5 

5-97 

579-08 

5-79 


The bottom of the slate is called the “tail” and the top the 
“head.” 

700 * The sketches, Figs. 86 and 161 show the method of ar¬ 
ranging and fixing the slates on the roof. A row of slates is called 
a course. As will be seen the slates are arranged to break joint. 
The lap is the amount which any one slate extends over the 
slate next but one below it. The place of the lap is shown on 
the section in sketch. Fig. 161. The lap should be 4 inches. It 
is however, very often made 3 inches. The distance between 
the line of tails of one course and that of the next is called the 
gauge. This is also marked on Fig. 161. The slates are 
secured with nails (of which there are two through every slate) 
to 2in. x 1 in. pine battens spaced to suit the size and lap of slate. 
The best nails are those made of galvanized steel. Zinc 
and copper nails are also used occasionally. In the sketches 
the nails are shown put in at a line a little above the centre 
of the slate. Sometimes however, the nails are put in near 
the head. This position gives a great leverage to the slate in 
windy weather, and allows them to get loose. The position of 
the nails as shown in the sketches is much the best. In very 
good construction the slates are nailed to boarding which covers 
the rafters as shown in sketch, Fig. 86. A layer of felt, * 4 in. 
thick is put on the boards before the slates are nailed on. This 
makes an excellent roof. The felt may also be put over the 










AUSTRALIAN BUILDING PRACTICE. 


301 



Fig. 161. 


battens, when the latter are used instead of boarding. When neither 
boarding nor felt is used the slates should be rendered on the 
underside, over all joints, and against the battens with hair 
mortar, similar to that described in the plastering for first 
coat work. A row of cut slates wll be necessary at both eaves 
and ridge. The lines of cutting of the slates up valleys'should' 
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be perfectly straight. The lower edges of all courses should 
also be straight, and all “perpends”, should be well kept. The 
putting in of courses of slates with diamond or half round 
tails is to be deprecated, not because any of the construction is 
affected, but rather on account of the fact that the plane surface 
which is a feature of a good slate roof is destroyed by these cut 
courses. 

701- The hips of slate roofs are usually covered either with 
lead or gal. iron capping. A very neat finish may, however, be 
made by mitreing the slates. If this is to be done the pitch of 
the roof must not be less than 45 degrees. For safety, 
it will be advisable to put “soakers” under the slates on the hip. 

702. A very neat roof may be made if both hips and valleys 
are mitred. Soakers must of course be put in the valleys. The 
slates at the mitre should be secured with brass screws.. 

703- Terra Cotta Tiles, —This kind of roof covering is heavy 
but it is verv much better as regards conduction than slate. Tts 
appearance is also satisfactory in surburban and country archi¬ 
tecture, where the complimentary color in the landscape com¬ 
pensates for what, in city architecture remains a garish red. 

The shapes of tile most used are:— 

(1) French Pattern. 

(2) Plain Tiles. 

704. The French Pattern Tile is about i6in. x gfan. x 
7/i6in., and is shaped as to effectually cover at sides 
and ends of each tile, without more than what is practically one 
layer of tiles in the roof. They are also provided with a little 
projection on the under side, containing a hole through which 
copper wire may be passed and thence round the 2in. x lin. 
batten, thus making it possible to secure each tile. Unfor¬ 
tunately very often each tile is not so secured, and trouble results 
when high winds blow. A very good and secure roof surface 
may be obtained with these tiles, provided that each is wired 
with copper (not iron) wire to the battens. When using these 
tiles, a style of roof as simple as possible should be adopted, since 
they do not lend themselves readily to covering small gables 
dormers, and so on, since they do not cut well for hips and 
valleys. They are best used for plain gable roofs with as few 
valleys as possible. 

705. Plain Tiles are about ioUiin. x 6y 2 in. x yZ in. Usually 
they have a couple of small lugs on the underside near the top 
edge. They are hung by these lugs on the battens. T hey are 
secured by nails through holes just below the top edge. The 
arrangement of the tiles is similar to that of slating, the lap being 
about 2 inches. These tiles should be rendered on the under 
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side with hair mortar. As will he seen by table XLVIII. this kind 
of tiling makes a very heavy roof covering, but it also makes 
the best looking kind of tile roof. The imported partially 
vitrified tiles of a dark red color are the best. 

706 Tile Ridging. — Ridge and Hip Capping of terra cotta is 
always used for finishing roofs covered with tiles. The cap¬ 
ping may be either of half round or triangular section. The 
lengths are fitted together in the same way as drain pipes, that 
is with spriggot and collar joint. The capping should be bedded 
in cement mortar, stained red to match the tiles. 

707 . Shingles,—This form of roof covering makes a cool roof 
in summer, and a warm one in winter, and looks really well. It 
is also a durable covering. A shingle roof has, however, one 
great drawback, and that is liability to fire. This great danger 
is sufficient to make it a question as to whether such a roof 
covering should be used at all. 

Shingles may be divided into two classes:— 

(1) American Redwood. 

(2) Australian Hardwood. 

708 . American Redwood Shingles. —These shingles are 16 
inches long and of varying widths from 3 inches to 9 inches. At the 
tail they are 5/16 inch, and diminish to a feather edge at the head. 
They are arranged in the same way as slates, but the lap is 
usually 6 inches. They are nailed to pine battens with wire 
nails. The shingles should be dipped in boiled linseed oil, to 
which ochre or other pigment is added, to give a stain before 
being put on the roof. As a rule, however, only the tails are 
dipped in oil. Patent stains of wide range in color, and pre¬ 
servative of the timber are extensively used in America, and may 
be procured in this country. Redwood shingles weigh about 
1 . 5 II 0 S. per sq. foot of roof covered. 

709 . Australian Shingles are split from Forest Oak. —This 
timber makes an excellent shingle which does not need steeping in 
oil. As it weathers it takes a very pretty silver grey appearance, 
which makes a most pleasing appearance as a roof covering. These 
shingles are about I2in. x 6in. and should be laid with a 3 inch 
lap. A square foot of covering of forest oak shingles weighs 
about 4.5 lbs. 

710 . The Metal Roof Coverings have been described under 
the head of plumbing, see Arts. 684 to 686 ante. 

711 . Patent Pliable Roof Covering Material. —Many kinds 
of water-proof non-inflammable materials suitable for roof cover¬ 
ings are now obtainable. These roof coverings are made in dif¬ 
ferent thicknesses and widths, and sold in rolls. For these coverings 
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a foundation of boarding, an inch or more in thickness, must be 
laid on and nailed to the rafters. 

712. Weight of Roof Coverings.— The table XLVIII. gives 
the result of some experiments made some time ago to ascertain 
the relative percentages of absorption of tiles and slates. The table 
also shows the weight per square of these materials when 
thoroughly exposed to the rain. Table XLIX. gives weight per 
square foot of different kinds of roof coverings. 

TABLE XLVIII. 


Showing absorption of water by different varieties of Roofing Tiles and Slates. 
SPECIMENS THOROUGHLY DRIED PRIOR TO IMMERSION. TIME OF IMMERSION 

24 HOURS 


No. of 
Specimen. 

Description. 

Size. 

Percentage 
of Porosity. 

Weight per 
Square 
wet in lbs. 

Remarks, 

1 

2 

3 

Foreign Terra Cotta 

16in. xOiJin. x 

18*2 L 


Completely saturated 
at expiration of im¬ 

4 

Corrugated Tiles. 

7/1 Gin. 

751 

mersion. Light Red 

5 

G 




Coloi. 

7 

Colonial Terra 





8 

< 'ottaCorrugated 




Completely Saturated. 

9 

Tiles, same pat¬ 

16in. x 9|in. x 

10*45 

004 

Light Red Color. 

10 

tern as Foreign 
Manufacture. 

Ain. 




11 






12 





Hard Close Grained— 

13 

English Made Tiles. 




Partially Vitrified 

14 

lOAin x 6|in. x 

7*21 

1495 

Dark Red Color. 

15 


Ain. 




16 





17 





Very Hard — vitrified 

IS 





—dark red or brown in 

19 

English Made Tiles. 

10}in, x G : fin. 

2*32 


color. Section showed 

20 

x 7/16in. 

1254 

after immersion very 

21 





| little water penetra- 

22 





, tion. Note : Brown 
; Colored Tiles showed 
j smallest absorption. 

23 

24 

25 

26 





1 

Very close grained nnd 

Bangor Purple 
Slates. 

20in. x lOin. 

-89 

680 

compact. Slate com¬ 
pletely dried in 45 
minutes in a tem- 

27 

2S 





perature of 65degrees. 

29 






30 






31 

Common American 





32 

33 

Slates. 

20in. x lOin. 

1*98 

G53 


34 
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TABLE XLIX. 


Showing Weights per Square Foot of different kinds of Roof Coverings.* 


Kind of Covering. 

Weight in Lbs, per 
Sq. Foot. 

Welsh Slate, 20in. x 10in., Sin. lap ... 

5*8 

American Blue Slate, 3in. lap 

6'5 

French Tiles 

7*51 

Australian Tiles, French pattern 

9 64 

English Plain Tiles, partially vitrified 

14 95 

Shingles, American Beclwood... 

15 

Shingles, Australian Oak 

Galvanised Iron, Corrugated, 24 gauge . 

4 5 

1 *6 

Lead—the weight per foot of the thickness used. 

5 to 6 

Zinc—weight will depend on the gauge. A gauge very often used 


is No. 15, which weighs ... ... ... . 

l 31 

The weight per foot of pliable roof covering will depend on the 
kind and thick ness. A well-known kind, 3 ply in thickness, 


weighs . 

•49 

Oregon Pine, 3in. x lin. battens, for 20in. x lOin slates ... 

10 

Oregon boarding, lin. thick. . 

283 


* T * ie wei Khts for the different roof coverings do not include nails, battens, or boarding. 
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CHAPTER XVII. 

PLASTERING. 

This subject may be divided into two classes, i.c .,— 

(a) External Work. 

(b) Internal Work. 

713 - External Plastering’. —This really resolves itself into 
either the covering of the wall or exterior of the building, with the 
rendering of cement mortar, called stucco, or else the dressing of 
all base courses, sills, mouldings, etc., of a building having the 
plain wall surfaces finished with O.K. or other bricks. 

714 . Materials for External Plastering, r—These are well 
washed in sharp sand and Portland cement. Both of these materials 
have already bes described in articles 47 to 59, and 64 to 67. 

715 . The proportions of Sand and Cement for rendering-As a 

rule the proportions, is 3 of sand to 1 of Portland cement. For 
all “arrises” of openings and other exposed positions the pro¬ 
portion should be at least 1 of Portland cement to 2 of sand. In 
first class work the whole of the stucco is carried out in 1 
of Portland cement to 2 of sand. Generally the rendering is 
done in one coat, but sometimes it is put on in two coats, the 
last coat being about a quarter of an inch thick. Where there 
is only a single coat the average thickness is % of inch. 
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716. All surfaces of the work should be finished quite smooth 
with a steel trowel; but on no account should the work be struck 
out in joints to imitate stone. In the first place the imitation 
is fraudulent, and in the second place this scratching of the cement 
surface generally means a crevice into which the weather pene¬ 
trates. 

717. Plasterers sometimes mix lime water with the cement 
rendering to make it work “Fat.” This practice is to be con¬ 
demned as lime and cement fail to make a satisfactory mixture. 

718- Mouldings. —The various finishes of windows and cor¬ 
nices are very frequently carried out in cement mortar, since this 
material lends itself very readily to decorations of this kind. See 
sketches, Figs. 162 and 163. 

S2mu«i^ 719> When the projection of the mouldings is at all appre¬ 
ciable a core of projecting rough brick work, if this be impos¬ 
sible, of stone or concrete should be made as a support for the 
mouldings. Sketch, Fig. 162, shows a section of a moulding with a 
core of brickwork. Sketch, Fig. 163, shows a cornice with a 
stone core. All the edges of mouldings should be very sharp 
and perfectly straight, and the intersections of mouldings at 
corners called mitres, should be cleanly and truly made. 

720. Rough Cast Work. —External Surfaces of Walls are 
very frequently coated with a rough cast cement mortar. Some¬ 
times pebbles are inserted in the mortar when in positon, and while 
wet. Rough cast or rough cast pebble work is very rarely used 
all over the surfaces of the walls. It is generally put on gables or 
on bands round under eaves. 

o>. 721- Pointing. —Pointing all round doors and window frames, 
and all flashing is done by the plasterers with a 2 to 1 sand and 
cement mixture. 


INTERNAL PLASTERING. 

722. Materials —Materials for internal plastering work are 
lime, cement, cow-hair, laths, plaster, and Keen’s Cement, 
The lime should be fresh burnt stone or shell. The sand should 
be sharp and clean. Plaster and Keen’s 'Cement have already 
been described in articles 60, 61, and 62 ante 

723. Cow Hair, —Cow hair should be of long winter growth, 
and should be well beaten before being mixed with the first coat. 
It is supplied in lime bags 
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724. Laths. —These are supplied in two kinds. 

(a) Split Hardwood. 

(b) Sawn Pine. 

725. Split Laths are of Australian hardwood, are 3 feet long-, 
and are supplied in bundles. The use of these laths has, how¬ 
ever, greatly diminished in recent years. 



Fig. 163. 

726 . Sawn Laths* —These are 1 34 x J A' m - anc l 4 ^- ®n. 
and supplied in bundles. They are of Oregon Pine. 

727. Metal Lathing. —Various kinds of metal lathing are 
used, and are excellent for the purpose. 
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728. Lime —The lime for plasterer’s use is slaked in boxes and 
then run through a fine sieve, into boxes, and allowed to cool. 
In this state it is called “putty.” The residue from the sieve known 
as the “core” consists of particles of unslaked lime, and is likely 
to cause disaster to the plastering work of the building, unless 
it is removed to a distance or buried somewhere about the site. 
If allowed to remain near the plasterer’s mixtures the particles 
may be blown about by the wind or thrown about by children, 
and so get into the mixtures. Sometime after the plastering 
work has been finished these particles will slake, and “blows” 
will occur all over the surface of the wall, thus completely ruining 
the plastering work. Athough stone lime is generally used, there 
can be no doubt that the shell lime is much the best, and if 
possible should be obtained for plastering work. 

729- Mixtures for Plastering Work. —First coat or “Pricking 
up.” This consists of sand and lime-putty, in the proportion 
of ty 2 of sand to I of lime-putty and cow-hair in the proportion 
of one bag* to every bag of lime. 

730- Floating or Second Coat- —This mixture is composed 
of 3 parts of sand to i part of lime-putty. 

731- Setting or finishing coat is composed principally of lime; 
sand of very fine grain is added to the lime in the proportion of 3 
or 4 buckets of sand to 1 bag of lime. The making 
up of the setting coat consists of running the lime 
through a sieve of 1/32 to 1/16 inch mesh, after which the 
sand is added. The whole mixture is then allowed to settle 
in a tub or box until it reaches the consistency of butter. The 
plasterer also calls this mixture “putty.” When the mixture is 
being made, colour is. sometimes added. The colour may be either 
red or yellow ochre, giving buff or pink tints. Blue black gives 
a gray tint. The colour must also be sifted through a very fine 
sieve. 

All mixtures for the plastering should be made up at least 14 
days prior to using. 

732- Lathing. —If timber laths are used they are nailed with 
wire nails to the ceiling joists. They are spaced about jH$in. apart, 
to give what is technically known as a “key.” The end 
joints of the laths must be broken about every 2 feet. Sketch 
big. 162 shows a section of some lathing with the plaster forced 
between the laths and overlapping the tops of them to make a 
“key” or hold for the plaster. A great deal depends upon the 
plaster being well forced between the laths to make a good key. 

1 he various kinds oi. steel lathing, of which many are excellent for 
the purpose, are nailed on in sheets with wire nails to the ceiling 
joists. As a rule the \faster can be forced through to such an 
extent that the steel lathing is in the centre of the plaster, and 
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this makes an excellent key. A photo reproduction of plaster 
forced through the steel lathing is shown by sketch, Fig. 164. 



Fig. 164. 


733. First Coat.— This coat is put on laths for ceiling or stud 
walls. A very good job of first coat work where timber laths 
are used may be obtained by forcing “scrim,” which is a kind 
of very loose texture bagging, into the first coat before it is 
dry. This makes a bonding throughout the whole coat and 
improves its soundness. Immediately on putting the first coat 
up it is scratched with a piece of board cut with a number of 
points so as to make it rough all over and provide for a ready 
adhesion for the second coat. 

734. Second Coat. —This mixture is the second coat on ceiling 
or stud walls, or the first coat for brick or stone wall surfaces. 
It is known as the Floating Coat. It should not be put on the 
pricking up coat until the latter is quite dry. The floating 
or second coat is made perfectly even and fair on all wall and 
ceiling surfaces. On the walls it is made to come flush with 
the plugs for skirtings and architraves, already put in by the 
joiner and sawn off to prepared lines of evenness. Bands of 
floating, about 4 or 6 inches, wide are put along the 
bottoms and tops of the walls, and at intervals of 3 01* 4 feet 
between. These are called “screeds/’ and are made straight and 
fair with long pieces of wood called straight edges. The floating 
is then put in between these screeds and evened up fair with 
them by straight edges, or by a long two-handled float called a 
“Darby Float.” 

735 . Setting Coat.—This consists of the mixture already des¬ 
cribed, but with the addition of some plaster of Paris added 
to it just before being put on the wall. The plaster is added in 
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the proportions of about 12 lbs. of plaster to each 144 square feet 
of setting surface. 

The setting coat is only about 1/16 inch thick, and is put 
on with a steel trowel and worked up to a high degree of smooth¬ 
ness and polish. Ceilings are generally set with a white mixture 
but very frequently for wall surfaces the setting has added 
to it one of the ochres or blue black to give a tint. Unfor¬ 
tunately it is a very difficult matter to get an even tint all over 
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Fig. 165. 


the wall surface in this way. Especially is the difficulty great 
when the attempt is made to get a grey colour. Necessarily 
the upper part of the wall has to be set first from the scaffold, 
then the lower part is done. The joint between these two 
settings is very difficult to accomplish satisfactorily. The best 
way is to set the walls as well as the ceiling white, and then at 
some future time to colour with kalsomine or to paint to the 
required tints. 
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736- Internal Mouldings. —Such as cornices, imposts, archi¬ 
traves, angle mouldings, and so on, are run in lime-putty and 
plaster, in the proportion of I to i. The plaster is added just before 
using the mixture. The moulding is run on a core of floating or 
“coarse stuff.” To support cornices of large projections or coves 
of ceilings, wooden brackets, see sketch, Pig. 165, are put up at 
intervals, and laths attached thereto. The cornice or cove is then 
run on this framing. Sketch, Fig. 166, shows section of an 
angle ovolo for salient angles. 

737* Keen’s Cement Setting. —In first class work the internal 
plastering of the wall surface is done with Keen’s cement. In 
this case the floating coat consists of Portland cement and sand 
in the proportion of 1 to 2, or 1 to 3. Keen’s cement is then 
put on this as a setting coat, and allows of the production of a 
very highly polished and partly translucent surface. 

738. Plaster Ornaments —Ornamental work such as enrich¬ 
ments in cornices and coves and caps of pilasters and columns and 
centre flowers are first of all modelled in clay, from which a mould 
in gelatine is obtained. In this gelatine mould are cast in plaster 
of Paris a replica of the original clay model. The plaster en¬ 
richment is held in position in its place in the building by copper 
wire or on copper spikes and plaster of Paris, or if it be light 
in weight by the plaster of Paris alone. It is, however, only in 
first class work that ornament is especially modelled and cast as 



Fig. 166. 
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just described. As a rule these ornaments are kept in stock 
by the modellers, and are selected by the architect or builder 
from the stock in hand. 

739. Fibrous Plaster, —During recent years a very excellent 
improvement in plastering work for ceilings has been accom¬ 
plished through the medium of what is known as “fibrous 
plaster.” This consists of sheets of plaster made on a skeleton 
of scrim in the modeller’s workshop. It is conveyed to the 
building in sheets, and is screwed or nailed to the joists. The 
method of its preparation enables it to be made with the exposed 
surface in any particular design. Cornices and other mouldings 
are also prepared in lengths ready for fixing into position in the 
building. The joints of sheets and cornices are either covered 
with beads or mouldings or else made good with plaster of Paris. 
The main advantage of this system for ceilings is its soundness, 
so that the old troubles arising from cracked and falling ceilings 
are entirely obviated. 
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CHAPTER X VI i I. 

PAINTING. 

740. Portions of buildings made of timber, iron, or steel, when 
exposed to the weather are rapidly affected and should be pro¬ 
tected with paint to prevent decay. Wall surfaces either of 
stone, brick, or when rendered with cement are sometimes 
painted to prevent the passage of rain water through them. 
Internal wall surfaces and other internal parts of buildings are 
painted, kalsomined, or otherwise finished. This is generally 
done for the sake of decorative effect. 

741. The materials used to make Paint may be classified as 
follows:— 

(a) Bases. 

(b) Vehicles. 

(c) Solvents. 

(d) Driers. 

(e) Pigments or “Stainers. ,, 

742- (a) The Base is the actual covering material, and conse¬ 
quently is a very important constituted of the paint. The base most 
commonly used and under most circumstances absolutely the best 
is White Lead. This is a carbonate of lead produced by cor¬ 
rosion of the metal when exposed to the fumes of acetic acid. In 
its original form it is a white powder, but as supplied to the 
painter is ground in linseed oil to a stiff paste. It should be 
used pure, but is often adulterated with such substances as sul¬ 
phate of baryta, sulphate of lead, sulphate of lime, whitening, 
and chalk. Pure white lead is soluble in nitric acid. White 
lead improves with age, provided that it be protected from the 
action of the air. 

743. Red Lead is also a useful base, especially for painting 
iron. It is a bright red powder produced by heating massicot to a 
high temperature, when oxygen is absorbed, forming an oxide of 
lead or “red lead.” 

744, Oxide of Zinc. —This is a useful base, especially where 
a permanent white is required. It is, however, not nearly so good 
in its covering power as white lead. 

745- Oxide of Iron, produced from brown Haematite ore, is 
also a useful base, paiticularly for painting iron work. 
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746, (b) The Vehicle is the oil which is mixed with the base to 
allow of the latter being spread or brushed thinly over the surface 
to be painted. 

747- Linseed Oil is the most important of oils suitable for 
the above purpose. The oil is produced by pressure from flax seed. 

It is used either raw or boiled. 

748, Raw Linseed Oil should be perfectly transparent, and 
of a pale amber color, rather sweet in taste. A film of this oil on 
glass should dry in from 2 to 3 days. 

749- Boiled Linseed Oil is produced by mixing driers with 
raw oil and heating the mixture to a high temperature. It dries 
very much /quicker than raw oil. A film on glass should dry 
in 24 hours. 

750. Worthless substitutes for linseed oils, such as animal, 
fish, and mineral oils are frequently used by unscrupulous trades¬ 
men with the worst results. Oil from the seed of the poppy, 
known as Poppy Oil, and Nut Oil from walnuts, while not being 
so good as linseed, may yet be used with success. 

751. (c) Solvent. —This is an oil mixed with the paint to make 
it work easily. The solvent generally used is Spirits of Tur¬ 
pentine, obtained by distilling turpentine from pine trees. It 
is a colorless volatile oil with a very pungent smell. Good turps 
should give a hard varnish film on glass in 24 hours. 

752, (d) Driers are added to the paint to make it dry rapidly. 
Litharge, an oxide of lead is a good drier, and one that is very 
much used. Red Lead is often used as a drier, but of course 
can only be so used where its color will not interfere with that 
of the particular tint of paint wanted. Terebine is a very rapid 
drier. There are also different kinds of patent driers to be ob¬ 
tained, many of which give very good results. 

753. (e) Pigments or “ Stainers” are not essential to the paint 
as a covering and protective medium, but are used to obtain the 
necessary colour. There are very many different pigments used. 
The commonest are raw umber, raw sienna, burnt umber, 
burnt sienna, yellow ochre, lamp black, prussian blue, indigo, 
chrome yellow, red lead, Indian red, light red, Venetian red, 
crome green, and so on. Some of the pigments such as carmine, 
ultramarine and cobalt are expensive, and only used in high- 
class decorative work. 
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CHAPTER XVIII. 

PAINTING. 

740. Portions of buildings made of timber, iron, or steel, when 
exposed to the weather are rapidly affected and should be pro¬ 
tected with paint to prevent decay. Wall surfaces either of 
stone, brick, or when rendered with cement are sometimes 
painted to prevent the passage of rain water through them. 
Internal wall surfaces and other internal parts of buildings are 
painted, kalsomined, or otherwise finished. This is generally 
done for the sake of decorative effect. 

741. The materials used to make Paint may be classified as 
follows:— 

(a) Bases. 

(b) Vehicles. 

(c) Solvents. 

(d) Driers. 

(e) Pigments or “Stainers. ,, 

742- (a) The Base is the actual covering material, and conse¬ 
quently is a very important constituent of the paint. The base most 
commonly used and under most circumstances absolutely the best 
is White Lead. This is a carbonate of lead produced by cor¬ 
rosion of the metal when exposed to the fumes of acetic acid. In 
its original form it is a white powder, but as supplied to the 
painter is ground in linseed oil to a stiff paste. It should be 
used pure, but is often adulterated with such substances as sul¬ 
phate of baryta, sulphate of lead, sulphate of lime, whitening, 
and chalk. Pure white lead is soluble in nitric acid. White 
lead improves with age, provided that it be protected from ’the 
action of the air. 

743. Red Lead is also a useful base, especially for painting 
iron. It is a bright red powder produced by heating massicot to a 
high temperature, when oxygen is absorbed, forming an oxide of 
lead or ‘Ted lead.” 

744. Oxide of Zinc. —This is a useful base, especially where 
a permanent white is required. It is, however, not nearly so good 
in its covering power as white lead. 

745. Oxide of Iron, produced from brown Haematite ore, is 
also a useful base, paiticularlv for painting iron work. 
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746, (b) The Vehicle is the oil which is mixed with the base to 
allow of the latter being spread or brushed thinly over the surface 
to be painted. 

747- Linseed Oil is the most important of oils suitable for 
the above purpose. The oil is produced by pressure from flax seed. 

It is used either raw or boiled. 

748, Raw Linseed Oil should be perfectly transparent, and 
of a pale amber color, rather sweet in taste. A film of this oil on 
glass should dry in from 2 to 3 days. 

749- Boiled Linseed Oil is produced by mixing driers with 
raw oil and heating the mixture to a high temperature. It dries 
very much /quicker than raw oil. A film on glass should dry 
in 24 hours. 

750. Worthless substitutes for linseed oils, such as animal, 
fish, and mineral oils are frequently used by unscrupulous trades¬ 
men with the worst results. Oil from the seed of the poppy, 
known as Poppy Oil, and Nut OH from walnuts, while not being 
so good as linseed, may yet be used with success. 

751. (c) Solvent. —This is an oil mixed with the paint to make 
it work easily. The solvent generally used is Spirits of Tur¬ 
pentine, obtained by distilling turpentine from pine trees. It 
is a colorless volatile oil with a very pungent smell. Good turps 
should give a hard varnish film on glass in 24 hours. 

752. (d) Driers are added to the paint to make it dry rapidly. 
Litharge, an oxide of lead is a good drier, and one that is very 
much used. Red Lead is often used as a drier, but of course 
can only be so used where its color will not interfere with that 
of the particular tint of paint wanted. Tcrebine is a very rapid 
drier. There are also different kinds of patent driers to be ob¬ 
tained, many of which give very good results. 

753. ‘(e) Pigments or u Stainers” are not essential to the paint 
as a covering and protective medium, but are used to obtain the 
necessary colour. There are very many different pigments used. 
The commonest are raw umber, raw sienna, burnt umber, 
burnt sienna, yellow ochre, lamp black, prussian blue, indigo, 
chrome yellow, red lead, Indian red, light red, Venetian red, 
crome green, and so on. Some of the pigments such as carmine, 
ultramarine and cobalt are expensive, and only used in high- 
class decorative work. 
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754. Proportions of Ingredients of Paint.— It is not easy to 
give definite information as to the best proportions of the different 
materials to make paint, since there must be a variety of climatic 
conditions, which will have an effect, and there are so many dif¬ 
ferent kinds of timber and other materials to be painted. The 
table L. gives proportions for making paint suitable for painting 
pine and other soft timber. The materials should be well 
mixed and then strained. The pigment or “stainers” is mixed 
separately, strained and added to the paint. 

TABLE L. 

Showing Proportions of Ingredients to make Different Coats of Paint. 


Coats. 

; Red 
Lead, 
Lbs. 

White 

Lead, 
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Driers, 

Ozs. 

Remarks, 

External— 

Priming ... 

1 

9 

1 | 

1 1 


1 

1 3 

; Many painters use 

Second ... 

! — 

7 

! i 

1 

I 

i much more red and 

Third 

} — 

7 

i 

I 1 

i 

1 

I less white lead in the- 

Fourth .. 

— 

7 

H 

1 

— 

* 

priming coat than 

Internal— 

Priming ... 

i 

8 

] 3 



2 

is noted here. 

Second .. 

i — 

7 

j IS 

— 

i 

o 


Third ... 

— 

ti 

H 

— 

i 

2 


Fourth ... 

— 

6 

U 

— 

* j 

o 


Flatting— 

— 
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if 

o 

The Hatting is put on 








as a fifth coat to- 
those given for in¬ 
ternal work, but the 
turps is left out of 
third and fourth 
coats ami more raw 
oil used instead. 


755. Preparation for Painting. — All surfaces to be painted must 
be well cleaned. Timber surfaces should be glass-papered, and 
all screw and nail heads driven or punched below the surface. 
All knots should be covered with “knotting,” which consists of 
red lead ground in water and mixed with strong glue size. Patent 
knotting may also be used for the purpose. The knots are so treated 
to prevent them from either exuding gum, etc., or from 
absorbing the paint. When the priming coat is dry, 
all nail holes, splits, cracks, and other crevices or 
defects in the surface must be stopped with putty, which consists 
of “whiting” reduced to a very fine powder and mixed to a stiff 
paste with raw linseed oil. Whiting is white chalk reduced to 
powder. Timber must be thoroughly seasoned before being 
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painted. Surfaces which have been previously painted should 
have all the old paint removed by scraping 1 or burning, and rub¬ 
being down with pumice stone. As a rule, however, unless the 
old paint is very thick and rough, the surfaces are only washed 
with a strong solution of soda, and made smooth with pumice 
stone. 

756. The different coats of paint are laid on evenly, and each 
must be quite dry before another one is put on. In first class 
work each coat is glass-papered smooth, prior to the next coat 
being applied. Each coat is stained to approach a little more 
nearly the color of the final coat. A last coat of paint con¬ 
sisting of white lead, turps, driers, and “stainers/ and called 
“flatting,” is put on as a fifth coat for internal work, where an 
even dead or flat color is desired. When well done a flatted 
surface r a very beautiful finish for internal work. 

757. Iron Work.—Should be painted with, at least one coat 
before being exposed to the weather. If rust be allowed to take 
place it is practically impossible to prevent its continuance under 
the paint as time goes on. The paints made with oxide of iron are 
best for ironwork, but must not be used with other paints lest 
galvanic action be set up, and cause a rapid decay. I wo coats 
will be quite sufficient for iron or steel work. 

758. Size is made by melting good glue in water, and adding 
water until the proportion of ilb. glue to i gallon of water is 
reached. 

759. Varnish is a preparation of resin in solution with oil, 
turpentine or alcohol, and is used to make a hard, transparent 
glossy film over paint. It is also used to coat unpainted timber 
surfaces, in which case it greatly enhances the natural beauty of 
the timber, especially if the timber has a good colour and grain, 

760. Kinds of Varnishes—The principal kinds are 

(1) Oil varnish. 

( 2 ) Turpentine varnish. 

( 3 ) Spirit varnish. 

761. Oil Varnish is made by dissolving gum, such as. 
amber, or copal in oil. Tt should dry in 24 hours. 

762- Turpentine Varnish is made by dissolving common 
resin, mastic , or dammar in turpentine. This kind is not nearly so- 
giood as the oil varnish, though it dries much quicker. Tur- 
pentine varnish should be quite dry in eight hours. 
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763- Spirit Varnish is made by dissolving soft gum like lac 
or sandarach in spirits of wine. The varnish will dry in 2 or 3 
hours. 

764. Varnish may be p:it on painted work with much success, 
for it greatly adds to the appearance and increases the durability. 

765. Wood Work should be coated with size before being 
varnished. Such beautiful timber as cedar, blackwood, and other 
of the figured class need nothing but proper preparation, for the 
varnish to bring the colour and figuring forth. Some of the 
plainer timbers are often stained with preparations of burnt 
sienna, Vandyke brown, logwood, potash, etc., to produce certain 
colours, and enhance the natural grain. The wood must be quite 
dry. It is first stained, then coated with size, and finally coated 
with one or more coats of varnish. 

766. Graining. —Skilled painters are able to make very good 

imitations of the grain and figuring of high class timbers. 
This is called Graining. The timber is first coated with 
three or four coats of ordinary paint. The last of these 

coats is approximate in colour to that of the timber to be 
imitated. A coat consisting of burnt sienna, umber or 
Vandyke brown, etc., in water, or beer, or oil, is then laid 
on and figured by means of a metal or india rubber combs 
and by dexterous touches of a sponge to represent the grain 
and markings of cedar, oak, maple, or others of the expensive 
timbers. When this graining coat is dry it is coated with 
two coats of varnish. Over-graining donsists of laying a 
thin coat of the graining colour in shades over the first coat 
of graining. It gives a depth to the graining that is a very 
good imitation of the beautiful natural shades of some of 
the best timbers. 

767- Marbling. —Just as with the graining the skilled painter 
succeeds in making excellent imitation of marble. The 
surface is first coated with three or four coats of good paint. 
The shades and veins of the marble are then painted and 
marked in. The markings and veins are, however, put in with 
oil paint. The final finish is made with a couple of coats of var¬ 
nish. While admitting that great skill is often shown by the 
painter in imitating the natural beauties of timber and marble, it 
is true that there is little to recommend the practice, of the art, 
because make-belief, either in building or decoration, is reprehen¬ 
sible. 

768 Painting Wall Surfaces— Internal and external wall 
surfaces are very frequently painted, the former for appearance, 
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and the latter usually to keep them dry against the weather. In all 
cases the walls must be perfectly dry. No success will be attained 
in any case when an attempt is made to paint a damp wall sur¬ 
face. Neither is it possible to get paint to stay on new plaster 
or cement stucco or newly built brickwork. In such cases the 
lime or cement will kill the paint. Plaster and cement stucco 
or brick walls should be allowed to stand for 12 or 18 months 
before being painted. For internal plaster wall surfaces, the last 
coat should be “flatted.” At least four coats should be put on 
all external wall surfaces. All holes and cracks in the wall 
surface should be well stopped with putty, prior to putting on the 
second coat. 

769. Colouring Wall Surfaces. —External wall surfaces are 
frequently coated with lime and fat, as a protection against the in¬ 
road of rain. The fat must be put in the lime while the latter is hot. 
Color is added to give the required tint. 

770- Kalsomining and Distempering. —Excellent results may 
be obtained by colouring the internal wall surfaces with kalsomine, 
which is supplied in a great variety of tints, and gives a very 
artistic “flat” surface effect. Kalsomine is sold in powder made 
up in packets, and only needs mixing with water. A very good 
distemper may be made as follows:—to 7 lbs. of whiting add 
“stainers” to give the required tint. This is to be mixed with 
%lb. of fish glue, which must be previously melted, and diluted 
with water. The mixture is then to be strained through a piece 
of cheese cloth, after which it is ready for putting on the wall. 
This is to be prepared by being well cleaned and brushed down 
and coated with a varnish made up of equal parts of resin, varnish, 
and benzine. Very great difficulties arise at times with damp 
spots on walls, since, as above noted, it is impossible to paint 
or even kalsomine over them. The only safe way is to wait until 
the dampness dries out. The drying may be accelerated by 
covering the damp place with successive washes of sulphuric acid, 
which will rapidly absorb the moisture. 


GLAZING. 

771. Shop windows and light openings of public buildings 
are glazed with plate glass. This is a high quality of glass, rolled 
into plates and polished to nearly true plane surfaces. Tt is 

supplied in thicknesses of J^in., 3 /i 6 in., J^in., % in., % in., iin., 
and Tj^in. That almost universally used for windows is 
thick. This thickness may lie obtained in sheets ig 6 in. x 136 m. 
It is held in place in the sashes with beads secured with screws. 
For shop windows the movable bead should be at the outside 
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edge of the sash, see Art. 582 an ^ e an d Fig- io 9 * Plate glass 
does not distort objects seen through it, and while absolutely 
indispensable for shop windows, is always worth its cost for 
private houses. Plate glass is supplied in two qualities, namely, 
ordinary plate, and plate for mirrors. The ordinary plate is 
quite good enough for windows. Plate glass should never be 
bent for shop windows. 

772. Sheet Glass is the common glass, generally used for 
windows of dwelling houses. It has uneven surfaces, and very often 
distorts the objects seen through it. It is described by the weight 
in ozs. per square foot. The weights are, i6ozs., 2iozs., 260ZS., 
and 320ZS. Sixteen oz. glass may be obtained in sheets 54m. 
x 36m.; 2ioz. in sheets 62m. x 48m.; 260Z. in sheets 62m. x 48m.; 
and 320Z. in sheets 66in. x 44m. Sheet glass is held in the 
sashes with putty and small sprigs. A thin layer of putty is 
put at the back of the rebate, then the glass is put in and sprigged. 
Finally an outer layer of putty is filled in and levelled off. 

773. Mill Rolled Glass is a semi-transparent glass about T 4 
0+ an inch thick, having one face smooth, and the other formed 
w : th narrow parallel grooves or corrugations. It is much used for 
windows of factory and store buildings. It may be obtained 
with embedded wire netting, of about one inch mesh. This wired 
glass is a most excellent glazing for skylights, since there is no 
danger of falling pieces. It is also very efficient as a temporary 
bar to the egress and ingress of fire since it does not collapse 
like ordinary glass in the early stages of a fire. 

774. Figured Rolled Glass. This kind includes a great variety 
of pattern g.ass, about of an inch thick. One face is smooth 
and the other covered with a pattern. It is generally coloured 
in light tints. “Japanese,” “Muranese,” “Mallocene, ,, and “Flan¬ 
nel Flower,” are examples of this class. There are many places 
where it may be used to advantage, but it is quite unsuitable for 
windows or casements of rooms, since not only does it prevent 
a view through the windows, but it sheds a colour over the whole 
of the interior of the room with a most distressing effect. Some 
of this pattern of glass is colourless, and apart from the defect of 
semi-transparency, is not objectionable for windows of rooms. 

775. A Class of Rolled Glass similiar to the above, but 
ir: stead of the pattern it has one face wavy or roughened, so as 
to have somewhat of a crystalline appearance. “G,” white, 
“Arctic,” and “Flemish” are examples of this class. 

776. Special forms of Rolled Colourless Glass, such as 
“Maximum light” and “Cat”s eye” are made so as to give a very 
brilliant lighting effect for dark rooms, such as those in basements 
or in other bad positions in the building. 
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777. Enamelled Glass. —This a thin glass having a pattern in 
ground glass fluxed into it. It is not used very much now. 

778. Embossed Glass. —This a polished plate glass *4 of an 
inch thick, with a design embossed in it. The embossing is 
done by first stencilling the pattern in Brunswick black. The 
surface is then subjected to the action of fluoric acid, which 
attacks and makes a ground glass surface on the unprotected 
parts. Embossing is done to suit the particular size as the 
occasion demands. 

779. Lead Light Glazing. —This consists of small pieces of 
glass held together with narrow lead bars with a cross section 
like the letter H. The glass is held in the groove on each edge 
of the bar. The glass is cut to various shapes, and the bars are 
bent to suit these shapes. This kind of glazing is carried out 
with the most beautiful effect for church windows, in which glass 
specially made for the purpose is used. For ordinary buildings 
the lead bars are shaped to geometrical and other patterns, and 
filled with different tints of the wavy or figured rolled glass 
described in Art. 774 ante. For certain places in the building 
such as stair windows, hall doors, etc., this kind of glazing is 
very effective. A kind called “cathedral glass/’ which is a 
tinted wavy glass, is much used. The lead light glazing should 
be stiffened with metal bars placed across it at intervals. 

780. Glazing Bars. — Bars of skylights, if of timber, are too 
slender to last well, and it is difficult to keep them watertight. 
Metal glazing bars, of which there are different kinds procurable, 
are much superior. They are of iron or steel, fitted with rebates 
to hold the glass and covering strips of lead. They are of 
small cross section, and consequently very light, and are easily 
fixed in the sash of the skylight. 

781- Pavement Lights.— These are prisms of glass let 
into iron frames which are placed level with footpath, to 
admit to and disperse light in basements. See PR, Fig. no. 
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259 

129 

,, Other kinds of 

170 

94 

,, Terms used in connec¬ 
tion with 

164 

91 

Architraves for doors 

512 

220 

Architraves for window 
openings 

552 

237 

,, of window open¬ 

ings. Timber for 
linings and 

553 

237 

Artificial seasoning 

269 

135 

Ash 

333 

147 

,, Blueberry 

323 

145 

,, Imported 

325 

145 

„ Bed 

324 

145 
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Ashlar 241 124 

,, Bonding of in case of 

towers and steeples 246 125 
,, Crossbond in 242 124 

,, Facing 247 126 

,, In case of piers 243 124 

,, Mortar for 245 125 

,, Outer surfaces of stone. 

How finished in 244 125 

,, Vertical joint between 

two walls in 249 126 

Australian hardwoods 279 138 

,, ,, Classifica¬ 
tion of 278 138 

,, pine woods 340 148 

,, red mahogany 295 141 

,, shingles 709 363 

,, white mahogany 287 139 

BACK linings 538 230 

Balcony. Description of 471 199 

Balconies and Verandahs. 

Timber for 475 204 

Baltic pine 350 150 

,, spruce 355 151 

Balusters. 579 250 

,, Handrails and 578 248 

Barge hoards and finials 45)4 197 

Barks. Stringy 291 140 

Bars. Glazing 780 381 

Base for paint most com¬ 
monly used 742 374 

Basalt ’ 203 108 

,, and Dio rite 205 108 

,, rocks difficult to work 204 108 

Base course 250 127 

Basements 160 91 

Basic bodies in clay. The 

most powerful i03 63 

Battens. Boarding, etc. 442 187 

Bay oak 328 146 

Bead butt panels 521 223 

,, flush panels 522 223 

Beads. Angle 088 259 

,, Stop and parting 539 230 

Beam or steel rail footings 26 8 

„ tie 410 172 

„ „ . 644 323 

Beams. Application of for¬ 
mulae to timber 617 293 

,, Tables giving safe 

loads for timber 618 296 
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Bean. Black ^ 144 

,, Red 308 143 

Bearing power of piles. De¬ 
termination of 36 13 

,, of joists in walls 288 166 

Bearings and supports of 

ceiling joists 434 1«4 

Beech 33b 147 

'Colonial 310 143 

Bending moments and shear¬ 
ing stresses. For¬ 
mulae for 613 281 

M ,, Reactions and 612 281 

Best age to fell a tree 265 134 

,, season to fell trees 266 134 

Black bean 313 144 

Black butt 286 139 

Blackwood 3ll 144 

Block in course of stone 248 126 

Blocdwood 301 142 

Blueberry ash 323 145 

Blush. Maiden’s $22 145 

Board. Nosing 551 236 

Boards. Feather edged 461 197 
,, Flooring 394 168 

Joints of 397 169 

,, Size of flooring 396 168 
„ Timber for flooring 395 168 
Boarding. Battens, etc. 442 187 
Boiled linseed oil 749 375 

Bond. Colonial 147 84 

,, English 145 81 

,, Flemish 146 84 

,, in brickwork 144 81 

,, Raking 148 85 

,, Several systems or 

kinds of 145 81 

Boulder formation. Rock in 5 2 

Box. Brush 294 141 

,, White or grey 290 140 

Boxed eaves 448 190 

,, window frames 535 228 

,, ,, .. Sashes for 544 232 

Braced doors. Framed and 517 222 
,, girders 657 333 

doors. Ledged and 515 221 

Brard’s test of stone 230 119 

Breccia and conglomerate 

rocks * 211 110 

,, Colours of 212 110 

Breeze instead of sand 68 36 

Brick burning 126 71 

,, ,, damn in 127 71 

,, clays. Complexity in 104 63 

,, Impurities in 107 64 

,, footings 151 86 

making 120 67 

,, walls. Thickness of 177 99 

"Brickwork. Essentials ot 

good 175 98 

Finish of joints in 176 98 

,, Strength of 143 79 

,, Terms used in con¬ 
nection yith 144 80 
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Brick-in-cement footings. 

Iron hoop in 25 8 

Bricks. Analysis of 113 65 

,, Callow e 135 75 

,, Classification and quali¬ 
ties of 134 75 

,, Clinker 136 75 

, Common ordinary 137 75 
,, Colour of 114 65 

,, Description of colour¬ 
ing constituents 117 66 

,, Double pressed 140 76 

,, Dry clay process in 

manufacturing 125 70 

,, Enamelled IT9 67 

,, For making hard 112 64 

,, In work of an impor¬ 
tant character 165 92 

,, Impurities in clay 

cause colour of US 67. 

,, Iron oxide in U6 66 

,, Made by hand 123 69 

,, Method of manufac¬ 
turing 121 68 

,, O.K., or open kiln 139 76 

,, Ordinary common 137 75 

,, Picked 138 78 

., Plastic process by mach¬ 
inery in manufac¬ 
turing 124 69 

,, Production of various 

colours 115 65 

„ Water - resisting pro¬ 
perties 142 76 

,, Wet clay process in 

manufacturing 122 68 

Various constituents in 

clay for making hard 112 64 

Broad leafed and narrow 

leafed iron barks 282 139 

Brown pine 345 149 

Brush. Box 294 141 

Building sites. Examina¬ 
tion of 11 

,, ,, Method of ex¬ 
amination of 2 1 

,, stones. Causes of de¬ 
struction in 226 117 

„ ,, Durability of 227 118 

,, ,, Selection of 225 117 

,, ,, Various meth¬ 

ods of examina¬ 
tion of 228 118 

,, timbers 264 134 

Burnt clay 68 36 

Butt. End 373 159 

Butt joint 367 156 

„ „ End 374 159 

Buttresses 258 129 

,, .and retaining walls 658 336 

,, Strength of 659 338 
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CALLOW BRICKS 135 75 

Carpentry 358 154 

Cast work. Rough 720 327 

Casters. Sand 69 36 

Causes of the decay and de¬ 
struction of timber 272 136 
Causes of destruction in 

building stones 226 117 

Cedar. Australian 306 143 

Ceiling joists 430 183 

>> >, Bearings and 

supports of 434 184 

7, ,, Sizes of 436 184 

5> ,, Timber lor and 

spacing apart 
of 435 184 

>, ,, Trimming of 433 183 

>> ,, Under floors 431 183 

n ,, Under roofs 432 183 

Cement. Keen’s 61 31 

,, Mortar. Strength of 73 38 

,, Parian 62 31 

,, Portland 47 19 

>> Chemical com¬ 
position of 50 20 

Process of 
manufacture 48 19 

a >> Time of set- 

ting 57 28 

Cement setting. Kean’s 737 372 

Stucco cornices 252 127 

,, Tensile strength of 54 25 

Cements. Various other 63 31 

Centre of Gravity, Pressure 

in foundations 19 6 

>> >> ), of wall or 

• , l >ier 21 7 

Chemical composition of Port- 

band cement 50 20 

»> >, of clays 96 60 

>>. ,) of trachyte 200 107 

Chemically precipitated 
_ lY)cks 188 165 

Circular or spiral stairs 569 242 

Clamp. Formation of a 127 71 

Class of rolled glass 775 380 

Classification and qualities 

of bricks 134 75 

n of hardwood 

timber 278 138 

,j of natural foun¬ 
dations 3 1 

,, of rocks .181 104 

Clay. 94 60 

,, Alumina in 101 61 

,, Basic bodies in 103 63 

,, Chemical composition 

of 96 62 

t , Colouring constituents 

of 117 66 

Combination of silica 
with one base in 106 63 


11 


64 


107 67 

107 64 
64 
3 


61 
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Clay. Combination of silica 

with the basic bodies 105 63 

,, Common salt found in 111 

,, Essential constituents 

of 98 61 

,, Hard 7 2 

,, Impurities in 

,, Iron pyrites in 
,, Limestone pebbles in 109 

,, on side of hill 8 

,, Organic matter found 

in 110 64 

,, Ordinary. As natural 

foundations 

,, Proportions of the es¬ 
sential constituents of 97 

,, Proportions of the 

various constituents 
in 112 64 

,, Pure 95 60 

Silica in lOO 61 

,, Soft and porous as a 

natural foundation 12 4 

„ Wet 122 68 

Cleaning sand 67 35 

Clear pine 352 151 

Clinker bricks 136 75 

Close down draught kiln 129 72 
Closer in brickwork 144 80 

Coal ashes instead of sand 68 35 
Cogging joint 364 156 

Collar beam. Construction 

of roof 409 173 

Collars for tops of piles 32 12 

Colonial beech 310 143 

,, bond in brickwork 147 144 

,, pine 341 148 

Coloured marbles 220 112 

Colouring constituents of 

bricks 117 66 

Colouring wall surfaces 769 379 

Colour of bricks 114 65 

,, ,, ,, how pro¬ 
duced 115 65 

,, ,, cement powder 53 25 

., terra cotta 180 103 

Colours of breccia and con¬ 
glomerate rocks 211 110 

,, ,, limestone 214 111 

,, ,, Portland cement 53 25 

,, ,, sandstone 208 109 

slate 223 113 

Columns. Piles as long 38 15 

,, Reinforced concrete 91 53 

,, Stone 261 131 

Combination of alumina 

and silica 102 61 

Common bricks 137 75 

,, joists. Sizes of 393 167 

„ rafters 440 186 

,, salt found in clay 111 64 

,, ,, Spacing of ‘ 441 186 
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Compact sand gravel. A 9 3 

Complexity in brick clays 104 63 

Composition of trachyte 200 107 

Compressive strength of Port¬ 
land cement 55 28 

Compression transverse and 

shearing tests 232 120 

Concrete. 77 40 

,, Aggregate of 78 41 

,, beams. Diagonal 
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Cow Hair 723 367 

Cradling 495 212 

Crushing, resistance of 35 13 

Curved beads. Sashes of 548 235 

,, roofs. Mansard and 455 194 

Cutting of timber 357 153 

Cypress pine 342 148 


DADO. Surbase and 


562 239 


stresses in 

88 

51 

Decay. Painting to prevent 

740 374 

columns. Reinforced 

91 

53 

Damp course. A 

162 

91 

footings 

22 

7 

,, Asphalt 

159 

90 

Laying 

81 

45 

,, Composition 



Mixing of materials 



of a 

155 

88 

to make 

83 

44 

,, Essentials of 

154 

88 

Percentage of void in 

80 

43 

,, Material 



Proportion of matrix 



pliable 

161 

91 

to aggregate of 

82 

43 

Damp courses 

153 

88 

Size of the aggre¬ 



,, Pottery 

158 

90 

gates of 

79 

41 

Deep excavations of footings. 


Steel construction 



Advantage of 

18 

5 


45 


aggregate for 92 
,, Table showing strength 

of 85 

,, The matrix.of mortar 

in 81 43 

Connection of arches. Terms 

used in 164 

,, of brickwork. Terms 


144 

70 


used in 

Constituents of mortar 
Construction. Collar beam 
,, Different meth¬ 
ods of 

,, of stanchions 

,, of steel girders 622 308 

of truss 411173 

Continuous Kiln. An im¬ 
provement on earlier 
form of kiln 
,, kiln for burning 

common bricks 
Copings. Stone 
Copper 
Corbel 
Corkwood 

Corners of stud walls. 

Method of finishing 
Cornices. Stone 

and string courses 


54 Description of coloring con¬ 
stituents of clay 117 66 

of principal build¬ 
ing timbers 
used in Aus¬ 
tralia 277 137 

91 Design of footings 19 6 

,, of a truss for a 
80 roof of 50ft. span 638 319 

36 Details of a king post truss 
409 173 Joints and 414 174 

Determination of Bearing 
407 172 power of piles 36 13 

600 226 Determination of weight- 
bearing power of foun¬ 
dations 15 5 

Deval’s hot batli test 51 22 

Diagram of bending mo¬ 
ments. Use of 621 307 

Different coats of paint 756 377 

Different methods of con¬ 
struction of roofs 407 172 

Different kinds of roof 


103 73 


133 74 
253 127 
681 351 
257 129 
319 145 


coverings 

Dioride. Basalt and 
Disadvantages of piles 
464 19S Distance apart of piles 

251 12- ‘ 

171 95 


697 

205 

41 

33 


359 

108 

16 

12 


Distempering, Kalsominmg 

and 770 379 


Corrugated galvanised iron 684 351 Distribution of weight of 


Cotter, Gib and 
Course. A damp 


653 330 covering over principals 63, 


162 

159 

155 


,, Asphalt damp 

,, Composition of a 

Material. Pliable 
damp 161 91 

Courses. Cornices and string 171 95 

,, damp 153 88 

,, Bandom Rubble 

built up in *238 122 

,, Pottery damp 158 90 


Dog-legged stair 566 

Door. External 505 

,, Glueing and wedg¬ 
ing up a 
,, Openings 

,, ,, finish round 

,, frames, solid 

,, steps 

Doors and their parts, sizes 

of 527 


530 

497 

511 

449 

254 


317 

240 

217 

226 

213 

220 

203 

128 

225 
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Doors. Framed and braced 517 222 

,, Framed and panelled 518 222 

,, Hanging o-f 531 226 

,, Ledged and braced 515 221 

,, Made in leaves 525 224 

„ Sash i 526 224 

,, Timber for 506 218 

„ Various kinds 514 221 

Dormer windows 449 190 

Double and framed doors 385 166 

,, pressed bricks 140 76 

Dove-tailed joints 371 158 

Dowelled joint 372 158 

Down pipes 690 354 

Drains. Air 163 91 

Draught kilns. Closed down 129 72 

Driers 752 375 

Driver. Steam pile 29 11 

Driving piles. Method of 28 10 

Dry clay. Process of making 

bricks with 125 70 

Dry process of making Port¬ 
land cement 49 


478 205 

477 205 
■*80 207 
481 207 
476 205 
739 373 
774 380 
454 194 


19 

189 

190 
353 

190 

267 

197 


EAVES 446 

,, Boxed 448 

jj Gutters 689 

,, with ends of rafters 

exposed 447 

Eccentric load of stanchion 603 
Edged boards. Feather 461 

Effect on roof of wind 

pressure 637 318 

Elm 334 147 

Embossed glass 778 381 

Enamelled bricks 119 67 

Enamelled glass 777 381 

End butt 347 159 

j j ,, joint 374 159 

End of stanchions. Fixing 

English bond 
,, oak 

Enlarged view of head of 
Queen post 

Essential constituents of silica 
and albumin a 


M 11 i 11 iv wiu iv 

Estimation of bearing power 
Examination of building site 
,, Method of 

,, of stone 

Examples of Gothic trusses 
Excavations for footings. 

Advantage of 
External door f ram as 

,, forces due to wind 
>, plastering 
j> ,, Materials for 

External shutters 

,, walls. Lining boards 
i.n connection w ith 
solid frames in 
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FACING. Ashlar 247 126 

Facings, inner and outer 537 236 
Fanlights 532 227 

Fastening joints. Glue for 490 206 
Feather edged boards 461 197 

Fell trees. Best season to 266 134 
Fence. Picket 479 207 

,, Sawn post, rail, and 

paling 

,, Split post, rail, and 

paling 

Fences. Height of 
Fencing. Timber for 

,, Various kinds of 
Fibrous plaster 
Figured rolled glass 
Finials. Barge , boards and 
Finish of joints in brickwork 176 98 

,, ,, in joinery work 489 209 

,, of surfaces 491 210 

,, round door openings 511 220 
Finishing coat. Second or 731 366 
Finishing heads of openings 

in stud walls. Method of 465 198 
Finishing round windows 550 236 
Fire resisting construction 
Fireplaces and flues 
Fir ring 
First coat 
Fished joints 

Fixing ends of stanchions 
Fixing slates on roof. Method 

of arranging and 700 360 

Flats 452 193 

Flashing 694 356 

,, Apron 696 358 

,, Stepped 095 357 

Flight. A 572 247 

Flindosa 318 145 


347 
172 95 
494 212 
733 376 
361 155 
594 261 


594 

261 

Floating or second coat 

730 

369 

601 

266 

Flooring. Parquet 

399 

176 

145 

81 

Floors. Ceiling joists under 

431 

183 

327 

146 

,, Double and framed 

385 

166 



,, Joists for 

378 

165 

426 

177 

,, Joists of double 

383 164 



,, Joists of ordinary 

331 

164 

98 

61 

,, Joisting, &c., of 



154 

88 

framed 

384 

165 

175 

98 

,, of upper storeys. 



16 

5 

Joists for 

379 

163 

1 

1 

,, Weight to be carried 


2 

1 

on 

392 

167 

228 

118 

Flooring boards 

394 

168 

423 

178 

,, ,, Joints of 

397 169 



,, ,, Loads on 

589 

260 

18 

5 

,, ,, Size of 

396 

168 

505 

217 

,, ,, Timber for 

395 

168 

627 

314 

Flemish bond 

145 

81 

713 

366 

Flues 

173 

97 

714 

366 

Footings. Advantage of deep 


55 5 

237 

excavations for 

18 

5 



,, and improvement 





of yielding founda¬ 



503 

217 

tions 

15 
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lootings. Brick 151 86 

,, Concrete 

22 

7 

,, Design of 

19 

6 

i} Iron hoop in brick- 



in-cement 

25 

8 

,, Masonry or urick 

,, Platform on piles 

24 

8 

to receive 

34 

13 

Proportions of 

20 

7 

Steel rail or beam 

26 

8 

,, Stone 

250 

126 

Forest red gum 

298 

141 

Formation. Rock in boulder 

0 

2 

Forms of roof 

401 

170 

gabled and hipped 



roof 

406 172 

Formulae. Application of 

598 

264 

,, for bending mo¬ 

ments and shear¬ 
ing stresses 

613 

313 

Forces due to wind. Ex¬ 



ternal 

,, on the single roof 

627 

314 

frame 

626 

313 

Fragmental rocks 

187 

105 

Frame is not flush. When 

00 1 

236 

Framed and braced doors 

516 

222 

and panelled doors 

518 222 

,, or stud walls 
Frames. Boxed window 

457 

196 

535 

228 

,, External door 

505 

217 

,, Fixing of window 

,, in external walls. 

542 

232 

Lining boards in 
connection with 

solid 

503 

217 

Sashas for boxed 



window 

544 

232 

), Sizes of solid door 

504 

216 

,, Solid door 

Solid. Put in posi¬ 

499 

213 

tion 

,502 

216 

,, Solid window 

540 

230 

,, Timber for door* 

506 

218 

,, Timber for window 
Framing 

541 

232 

492 

210 

French pattern tile 

704 362 

Foundations. Classification 



of natural 

,, Compact sand 

3 

1 

3 

gravel 

9 

Determination of 


weight-bearing 
power of natu¬ 
ral 

15 

5 

,, Dry sand 

10 

3 

,, Hard clay 

7 

2 

,, Hard shale 

6 

2 

,, Clav on side of 



hill 

8 

3 

,, Ordinary clav 

11 

3 

Pile 

27 

10 

,, Rock in boulder 

5 
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Foundations. Silt mud and 

quicksand 13 4 

,, Soft and porous 

clay 12 4 

,, Solid rock 4 2 

Fronts. Shop 58 ] 252 

Funicular diagram. To draw 

the 627 314 

GALVANISED Iron 678 350 

Gates 482 207 

- Small 485 208 

,, Timber for 486 208 

Geometrical stairs 568 241 

Gib and cotter 653 330 

Girder plate. Web rivetted 621 306 

Girders. Braced 657 333 

,, Construction of steel 622 308 

„ Joists supported by 382 164 

,, Storey posts and 376 159 

Glass in a rebate 545 233 

,, Embossed 778 381 

,, Enamelled 777 381 

,, Plate 777 381 

,, Sheet 772 380 

Glazing 771 379 

,, bars v80 381 

,, lead light 779 381 

Glue for fastening joints 490 209 

Glueing and wedging up a 

door 530 226 

Gothic trusses. Some ex¬ 
amples of 423 178 

Graining 766 378 

Granite 192 106 

,, Chemical composi¬ 
tion of 197 107 

,, Porphyritic 193 106 

,, Syenitic 194 106 

True 195 107 

Grey gum 296 141 

,, or white box 290 140 

Grit. Road 68 36 

Grooved and tongued joints 368 157 

Grout ' ‘ 71 37 

Gum. Grey 296 141 

,, Forest red 298 141 

,, Murray red 297 141 

Spotted 289 140 

,, Sydney blue 299 141 

Gutters 444 188 

,, 687 352 

,, Eaves 689 353 


HALVING. A joint much 

used in building work 362 155 


Hand. Bricks made by 123 69 

Handrails and balusters 578 248 

Hanging of doors 631 226 

Hard clay 7 2 

,, shale 6 2 

Hardwoods. Imported and 

figured 325 145 

Hardwoods. The Australian 279 138 

Heading joints. The 399 170 
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Head room UfU 

Heads of openings in stud 
walls. Methods of fin- 
ishing 465 

Heads. Sashes with curved 548 
Hearths 173 

Heel straps 415 

Heights of fences 480 

Hill. Clay on side of a 8 

Hip and valley rafters 438 

H*PS 693 

Hips of slate roofs 701 

Hipped roofs 405 

Hoffman kiln. The 130 

Hollow walls 152 

Honeysuckle 317 

Hoop iron, in briek-in- 

cement footings 25 

Hot bath test. Deval’s 51 

Housing 365 

Huon pine 344 


age. 

247 


198 

235 

97 

175 

207 

3 

185 

356 

362 

171 

73 

87 

141 

8 

22 

156 

149 


timbers of Aus- 


IGNEOUS ROCKS 
Important constituent of 
paint. The base an 
I m ported pine woods 
Impurities in clay 

Indigeuoui 
tralia 

Inertia. Moments of 
Ingredients of paint. Pro¬ 
portions of 

Inner and outer facings 
Inside linings of stud walls 
Interiors of staunchions 
Internal mouldings 
Iron and timber combined. 

Trusses of 
Iron. Galvanised 
,, Hoop in brick-in- 
>> cement 
,, Oxide in bricks 
,, Oxide of 

,, Pyrites in brick clay 
,, work 
Ironbark 

,, Narrow-leafed and 
broad-leafed 
„ Red 

,, Silver-leafed 
,, The best of Austra¬ 
lian hardwoods 
„ White 


181 104 

742 374 
347 149 
64 
67 

137 
263- 


107 

118 

277 

596 


754 376 
537 230 
469 199 
605 270 
736 372 

424 179 
678 350 

25 8 

116 66 
745 374 
99 61 
757 377 
280 138 

282 139 

283 139 

284 139 


285 

281 


139 

139 


JAMB 


ININGS 
,, For 


507 218 
218 


openings 
in walls 508 
»> ,, Various tim¬ 
bers used for 510 220 

Jarrah wood 302 142 

Joinery work 488 208 

,, of window open¬ 
ings 533 228 
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Joint. Butt 367 156 

,, Cogging 364 156 

,, Dove-tailed 371 158 

,, Dowelled 372 158 

,, End butt and keyed 373 159 

,, End butt with con¬ 
necting screw 374 159 

,, Fished ' 361 155 

,, Grooved and tonguecl 368 157 

,, Halving 362 155 

,, Mitre 369 158 

,, Rebate 370 158 

,, Scribed 375 159 

Joints and details of a King 

Post truss 414 174 

Glue for fasting 490 209 
,, in joinery work. 

Finish of 489 209 

,, Lapping 359 155 

,, Longitudinal 398 169 

,, of flooring boards 397 169 

,, of sashes 546 234 

,, Scarfing 360 155 

The heading 399 170 

Joist ing, etc., of framed 

doors 384 165 

Joists 377 163 

,, Bearing and supports 

of ceiling 434 184 

,, Ceiling 430 183 

,, Ceiling, under floors 431 183 
,, under roof 432 183 
„ for floors 378 163 

,, ,, ,, of upper 

storeys 379 163 
,, in walls. Bearing of 388 166. 
,, of double doors 383 164 

,, of ordinary floors 381 164 
Sizes of ceiling for 436 184 
,, Sizes of common 393 167 
Spacing anart of 387 166 
,, supported by girders 382 164 
,, Timber for, and spac¬ 
ing apart of ceiling 435 184 
,, Trimming of ceiling 433 183 


IvALSOMIN ING and dis¬ 
tempering 770 379 

Karri 303 142 

Kauri pine 351 150 

,, Queensland 346 149 

Keen’s cement setting 737 372 

Kiln I tricks. Open 139 76 

Continuous 130 73 

,, Hoffmann 131 73 

,, Open 128 72 

Kilns. Closed down ifrauglit 129 72 

,, Continuous, only use¬ 
ful for burning 
common bricks 133 74 

,, Other kinds of con¬ 
tinuous 132 74 
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Kinds of arches 170 94 

,, of bond. Several sys¬ 
tems or 145 81 

,, of lime. Various 43 17 

,, of steel reinforcement 93 56 


LANDING. A 574 247 

Lanterns 451 192 

Large spans. Arrangements 
of the various timbers 
for 
Lathing 

Metal 

Laths. Two kinds of 
,, Sawn 
Split 

Laying concrete 
Lead. Sheet 

,, Description of 

as a roof covering 
Lead. Red 

Least radius of gyration 
Leaves. Doors made in 525 224 
Lodged and braced doors 515 221 
Lean-to roof 403 171 

Lengths and stresses in mem- 
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MACHINERY. Plastic pro¬ 
cess by 124 69 

Mahogany. White Austra¬ 
lian 287 139 

Red Austra¬ 
lian 294 141 

,, Imported 332 146 

Maiden's blush wood 322 145 

Mansard and curved roofs 455 194 


422 177 


roof. Form of 

456 

195 

732 369 

Manufacture of Portland 



727 368 

cement. Process of 

48 

19 

724 368 

Maple 

wood 

339 

147 

726 368 

Marble 


216 

111 

725 368 

,, 

Best white 

219 

112 

84 45 

3 f 

Carrara 

227 

118 

676 350 


Co lours of 

217 

112 

677 350 

,, 

Coloured, used for 



686 352 


veneers 

220 

112 

743 374 


Encrinal or shell 

218 

112 

597 263 

3 J 

New South Wales 


116 


hers of roof. Table 
giving 

Lights. Pavement 
Lime 

,, Hvdraulic 
,, Kinds of 
,, Poor 
,, Rich 
Limestone 

,, pebbles in clay 109 64 

Limestones. Colours of 214 111 

,, easy to work 

,, where obtained 
in Australia 

Lining boards in connection 

with solid frames 503 217 

,, and architraves of 

window openings. 

Timber for 
,, Jamb 

Linings of stud walls. In¬ 
side 

Linseed oil 

,, ,, Boiled 

„ ,, Raw 

,, oils. Worthless sub¬ 

stitutes for 
Lintel. A 

Load per sq. in. on steel. 

Safe 

Loading of stanchions. Ec¬ 
centric 603 267 

Loads for different kinds of 

timber. Safe 699 272 

,, in stanchions 591 261 

,, on floors 589 260 

Louvre shutters. Timber for 556 238 


638 321 
781 381 

42 17 
46 18 

43 17 

45 17 

44 17 
213 110 


215 111 
224 Ho 


553 237 
507 218 

469 199 

747 375 

749 375 

748 375 

750 375 
256 128 

592 261 


Marbling 767 378 

Masonry of brick footings 24 8 

,, Arches “ 259 129 

,, Meaning of terms 235 lzl 
Position of stone 234 121 
,, Seasoning of stone 233 121 
,, Stone walling 236 121 

Material. Patent plitble roof 

covering 711 363 

,, used for external 

plastering 714 366 

., for internal plast¬ 
ering 722 367 

,, Pliable damp course 161 91 

,, used to make paint 741 374 
Materials usually met with 
for building up¬ 
on. Safe bearing 
power of 
Matter. Organic 
Metal lathing 
,, Muntz 
,, roof coverings 

Metamorphic rocks __ 

Method of driving piles 27 10 

,, of arranging and fix¬ 

ing slates on roof 
,, of finishing a door 

opening 9 

,, of using steel beam 
reinforced with 
plates 

,, of construction of 
roofs 

,, of jointing struts 653 332 
Methods of manufacturing 
bricks 

Mill rolled glass 
Mitre ioint 

Mixing of materials to 
make concrete 


18 

6 

110 

64 

727 

368 

680 

350 

710 

363 

190 

105 

27 

10 

700 

360 

512 

220 

621 

305 

407 

172 

653 

332 

121 

68 

773 

380 

369 

158 

83 

44 


Ait. Page. 

Mixtures for plastering 

work 729 369 

Modern method of building 

in reinforced concrete 674 349 

Modulus. Section 616 289 

Moment of inertia 596 263 

,, and shearing stresses 
Formulae for bend- 
ing 

Moments of resistance 
,, Reaction and bend¬ 
ing 

j» of resistance of steel 
girders 

Mortar. Constituents of 
,, Contraction of mate¬ 
rials for 

,, Efficiency of 
s , Grout 

,, Materials used in¬ 
stead of sand 
j. Strength of 
,, Table showing strength 

r.4--il n 


613 281 
615 286 

612 281 

620 300 
70 36 


76 

74 

71 

68 

72 


40 

38 

37 

35 

37 


. strength of 
Mortice and tenon 
Moulded and flat panels 
»> an ^ raised panels 
Mouldings 


73 38 
366 156 
520 223 
523 221 
196 213 

718 367 
736 372 

719 367 


,, Internal 
’> . Projection of the 
Mud, silt and quicksand, as 
yielding natural foun¬ 
dations 13 

Muntz metal 680 35< 

Murray red gum 297 14 

Muskwood 390 14 j 

Myall 312 14- 


NARROW-leafed, and broad- 

leafed ironbarks 

282 

139 

Natural foundations, Classi- 

cation of 

3 

1 

>> ,, Determina¬ 
tion of 

weight-bear¬ 

15 


ing power 

5 

a ec es sary calculations to 
arrive at strength of 

arches 

658 

336 

Newels 

577 

248 

Normal wind pressure on 

roofs. Table showing 

637 

318 

Nosing board 

551 

236 

Notching 

363 

155 

OAK 

326 

146 

,, American 

330 

146 

,, Ray 

328 

146 

,, Durmast 

329 

146 

,, English 

327 

146 

,, for internal fittings 

331 

146 

,, Imported 

325 

145 

Red silky 

316 

144 

„ She 

314 

144 

„ Silky 

316 

144 


Art. P 

747 
749 

748 
761 


age. 

375 

375 

375 

377 


Oil. Linseed 
,, Roiled linseed 
,, Raw linseed 
,, Varnish 

Oils. Worthless substitutes 

for linseed 750 375 

O.K., or open kiln ‘‘good” 

bricks 139 

Olivine rocks 185 

One storey verandahs 473 

Onionwood 309 


Open kiln for burning bricks 128 

,, newel stair 567 

Openings. Architraves for 

window 552 

,, Door 497 

,, Finish round door 511 

door 511 

,, Sides of, in stud 

walls 468 

walls 468 

,, floors. Joists of 381 

Organic matter in clay 110 

Ornamental plaster 738 

Orthoclase rocks 183 

Outer and inner facings 537 

Oxide of iron 745 

,, of zinc 744 


76 

104 

202 

143 

72 

241 

237 

213 

220 

220 

119 

119 

164 

64 

372 

104 

230 

374 

374 


PAINT. Materials used to 
make 

n Different coats of 
Painting 

,, to prevent decay 
,, wall surfaces 
,, Preparation ior 
Panelled doors 
Panels. Read butt 
,, Read flush 
b Moulded and flat 
,, Raised and moulded 
Parian cement 
Partitions 

,, Timbers used for 
Patent pliable roof-cover¬ 
ing material 
Pavement lights 
Peppermint wood 
Percentage of wind 
Picked bricks 
Picket fence 
Picture rails 
Piers 

Pigments or “stainers” 

Pile driver. Steam 
foundations 
Piles as long columns 
,, Collars for tops of 
,, Determination of bear¬ 
ing power of 
Disadvantages of 
,, Distance apart of 
,, in yielding soils 
,, Platform on to re¬ 
ceive footings 


741 374 
756 377 
740 374 
740 374 
768 378 
755 376 
518 222 

521 223 

522 223 
520 223 

523 224 
62 31 

470 199 
587 259 

711 363 
781 381 
292 140 
80 43 
138 76 
479 207 
563 240 
149 85 
753 375 
29 II 
27 10 

38 15 

32 12 

36 13 

41 16 

33 12 

37 13 

34 13 


Art. Page. 

Piles Pointing of 31 12 

,, Sand 41) 15 

,, Screw 39 15 

,, Timber for 30 12 

Pine. Baltic 350 150 

,, Brown 345 149 

„ Clear 352 151 

,, Colonial 341 148 

„ Cypress 342 148 

„ Huon 344 149 

,, Kauri 351 150 

,, Oregon 348 150 

,, Pitch 353 151 

,, Redwood 349 150 

Pinewoods. Australian 340 148 

,, Imported 347 149 

Pitch of roofs 428 181 

Plagioclase rocks 184 104 

Plain tiles 705 302 

,, skirting 559 239 

Plaster. Fibrous 739 373 

,, of Paris 60 30 

,, ornaments 738 372 

Plastering. External 713 366 

,, work. Mixtures 

for 729 369 

Plate web rivetted girders 621 306 

Platform on piles to re¬ 
ceive footings 34 13 

Pliable damp course mate¬ 
rial 161 91 

Plumbers* trade. Description 

of work relating to 688 352 

Pointing 721 36/ 

Polar diagram 628 314 

Polygon. Funicular 033 315 

Poor lime 45 17 

Porphyry 201 108 

lf rocks 202 108 

Porphyritic granite 193 106 

Portland cement 47 19 

,, ,, Analysis of 

a good 50 21 

,, ,, Chemical com¬ 
position of 50 20 

,, ,, Colour of 53 25 

,, Compressive 

strength of 55 28 
,, DevaPs hot 

bath test 51 22 

,, Dry process 
of manufac¬ 
ture 49 19 

,, ,, Process of 

manufacture 48 19 

,, ,, Test sheet 

as used in 
the Public 
Works Dept, 
of N.S.W. 58 29 

,, ,, Time of set¬ 
ting 57 28 

,, Tensile 

strength of 

,, ,, Texture of 52 24 


Art. Page. 

Post. King 416 175 

„ Queen 420 177 

,, ,, truss 419 177 

,, Princess 421 177 

Posts and girders. Storey 376 159 
„ Gate ’ 483 208 

,, Sawn 478 205 

„ Split 477 205 

,, Timber storey 607 271 

Pottery damp courses 158 90 

Power. Estimation of bear¬ 
ing 16 5 

of natural foundations 

Weight bearing 15 5 

Preparation and description 

of zinc 679 350 

Preparation for painting 755 376 
Principal, rafter 645 325- 

,, kinds of varnishes 760 377 

„ ,, a T section 654 330 

Principle of shearing 610 278 

Projection of the mould¬ 
ings 719 367 

Proportion of footings 20 7 

,, of matrix u> ag¬ 

gregate of con¬ 
crete 82 43 

,, of ingredients of 

paint 754 376 

,, of sand and ce¬ 

ment for render¬ 
ing 715 366 

Pugging 391 167 

Pulley stiles 536 230 

Pure clay, or kaolin 95 60* 

Pyrites. Iron 99 61 

108 64 

QUALITIES and classifica¬ 
tion of bricks 134 75 

Queen Post Truiss 419 177 

,, ,, „ An enlarg¬ 

ed view of 
head 420 177 

Quicksand, mud and silt as 
unyielding natural foun¬ 
dations 13 4 


RAFTER. Principal 
Rafters. Common 

,, ,, Spacing of 

,, exposed. Eaves with 
end of 

,, Hip and valley 
Rail or beam footings. 
Steel 

Rails. Picture 

Raised and moulded pa pels 

Raking bond 

Random rubble 

,, ,, built up in 

courses 

Reaction and bending mo¬ 
ments 

Rebate joint 


645 326 

440 186 

441 186 

447 190 
438 185 

26 6 
563 240* 
523 224 
148 85 

237 122 

238 122 

612 281 
371 158 


Red ash 
,, bean 

,, gum. Forest 
,, ,, Murray 

Red Iron bark 
,, lead 
,, mahogany 
,, silky oak 
Redwood 

Reinforced concrete 

>> ,, beams, cal¬ 

culations 
for strength 
of 87 

»> ,, columns 91 

>, Modern 

method of 
building 
in 


Relieving arch 
Resistance. Moments of 
\» . to crushing 
Retaining walls 
Reveals 
Rich lime 

Ridge piece and ridge 
Ridges 
Rivets 

Rock in boulder formation 
,, Solid 

Rocks. Chemically precipi- 

ta tcd 188 105 

,, Classification of 181 104 

,, formed by the remains 

of plants and ani- 
_ mals 189 105 

,, fragmental 187 105 

,, Igneous 182 104 

,, Metamorphic 190 105 

,, Olivine 185 104 

,, Orthoclase 183 104 

,, Plagioclase 184 104 

,, Sedimentary 186 104 

Rolled glass. A class of 775 380 
,, colourless glass. 

Special forms of 770 380 

Ron! covering and rafters. 

Weight per 
sq. ft. of 630 317 

Different kinds 


Art. Page. Art. Page. 

324 145 Roof. Forms of 410 170 

308 143 „ Gable 404 171 

298 141 ,, flipped 405 171 

297 141 ,, gutters 443 187 

283 139 ,, Lean-to 403 17 J 

743 374 „ Plumbing 675 350 

295 141 ,, „ Materials used 

316 144 in 675 350 

349 150 ,, Single span 408 173 

86 46 ,, truss 632 315 

n ventilators 453 193 

Roofing slate 156 89 

Roofs. Ceiling joists under 432 183 
46 ,, of largo span. Steel 656 333 

53 ,, Pitch of. Table giving 

minimum pitch for 
different kinds of 
covering 428 181 

Rosewood. Australian 307 143 

Imported 338 147 

Rough cast work 720 367 

Round door openings. Finish 

ot 511 220 
,, ,, ,, Method of 

finish 512 220 
,, windows. Finishing 

of 550 236 

Rubble. Squared uncauused 240 122 
Rusticated weatherboards. 

Arrangement of 463 197 
„ „ Rebated 462 197 


674 349 
169 94 
615 286 
35 13 
660 339 
150 85 
44 17 
roll 437 184 
692 356 
619 247 
5 2 

4 2 


of n'J7 359 

,, Lead as a 686 352 

,, material. Pa¬ 
tent pliable 711 363 

„ Metal 710 363 

,, Weight of 712 364 

,, Zinc as a 685 351 

Construction of collar 

beam 409 173 

,, of the tie beam 
or couple 
close 410 173 

„ of truss 411 173 

design 623 310 


SAFE bearing power of mate¬ 
rials usually met with. 

Table showing 18 6 

loads in tons for Ore¬ 
gon columns or struts 
of small section. Table 
showing 273 

,, loads in tons for tees 
as struts. Table show¬ 
ing 272 

Salt. Common 111 64 

Sand 64 33 

,, and cement for render¬ 
ing. Proportions of 715 366 

,, casters 69 36 

,, Cleaning 67 35 

,, Dry 10 3 

,, gravel. A compact 9 3 

,, Materials used instead 

of 68 35 

,, piles 40 15 

,, Tests for quality 66 34 

,, Where obtained 65 33 

Sandstone. Classification of 206 108 

,, Best kinds of 207 109 

Colours of 208 109 

„ Sydney 209 109 

,, useful for build¬ 
ing purposes 210 110 

Sash doors 526 224 

Sashes. Window . 543 232 


Art. 

window 


Sashes for boxed 
frames 

Sashes. Joints of 

s for solid window 
frames 

,, with curved heads 
Timber for 
Sawn laths 
Scarfing 

Scoriae and slag 
Screw piles 
Scribed joint 
,, piles 

Season to fell trees 
Seasoning timber 
,, of stone 

, of timber. Natural 

,, ,, Arti- 

” ficial 

Second coat 

,, „ Floating or 

Sedimentary rocks 
Segmental arch 
Selection of building stone 
, of good timber 
Semi-circular arch 
Setting coat 

,, trusses in position 
Series of steps 
Serpentine 
Section modulus 
Sections of stanchions 
Setting „ ,, 

Shale. Hard 
She oak 

Shearing tests. Compression 
transverse and 
,, stresses. Formu¬ 
lae for Lending, 

moment and 
,, Horizontal 
,, Principle of 
,, Vertical 
Sheet glass 
,, lead 
Shingles 

,, American redwood 

,, Australian 
Shop Counters. 

,, ,, Kinds of timber 

used for 

Shop fronts 
,, windows 
>> 

Shore. Firing 
Shore*. Vertical 
,, Raking 

,, Sizes of timbers for 
Shoring or timbering of 
excavations 

Shoring up. The operation 
of 


Page. 

544 232 

546 234 

547 235 

548 235 

549 235 
726 368 
360 155 

68 36 

39 15 
375 159 

40 15 

266 134 

267 134 
233 121 

268 135 

269 135 

734 370 

730 369 
186 104 
168 94 
225 117 
271 136 
167 94 

735 370 
427 180 
564 240 
221 112 
616 2S9 
602 267 
605 270 

6 2 
314 144 

232 120 


Com- 


613 281 
610 278 

610 278 

611 278 
772 380 
156 89 

707 363 

708 363 

709 363 

584 255 

585 258 
5«1 252 
582 252 
771 379 

665 343 

666 344 
7)63 343 
664 343 

671 346 

662 343 


Art. Page. 

Shoulder and tenon joists 425 179 
Shutters 
,, External 
,, Timber for Louvre 
,, Internal 
Silica 

,, and alumina. 

bination of 
,, A compound of 
Sills. Window 
Silky oak 

,, Red 

Silt, mud and quicksand 
Silver leafed ironbark 
Single roof frame. Forces 
on the 

Single span. Couple or 
Site. Examination of build¬ 
ing 

,, Method of examination 
of building 

Sites composed of unyield¬ 
ing and yielding mate¬ 
rials 

Size 

,, of floor boards 
Sizes of common joists 
„ of sections of timber 
and steel truss for 
50 ft. span 

,, of sections for steel 

truss of 50 ft. span 650 327 
,, of solid door frames 504 217 
,, of doors and their 
parts 

,, of slates 

,, of timbers for shores 
v of ceiling joists 
Skirting 

Skirting boards. Timber 
for 

,, Fixing 
Skirting. Plain 
Skylights 
Slate 

,, different colours of 
,, Imported 

,, Localities of various 
Australian building 
,, roofs. Hips of 
Slates. Roofing 


554 237 

555 237 

556 238 

557 238 
100 61 

102 61 
102 61 
255 128 

315 144 

316 144 

13 4 

284 139 

626 313 
408 173 


1 


14 4 
758 377 
396 168 
393 167 


641 322 


527 225 
699 359 
664 343 
436 184 

558 238 

560 239 

561 239 

559 239 
450 192 

222 113 

223 113 

224 113 


Slates 

,, Sizes of 
Small buildings 


,, dams 
S'ofiit of stairs 
Soft and porous clays 
Solder 

Solid door frames 
Solid frames put in 
tiou 

Solid rock 

Solid window frames 


114 
701 36? 
157 89 

698 359 

699 359 
672 347 

Classified 
American 673 347 
661 342 


posi- 


574 247 
12 4 
683 351 
499 213 

502 216 
4 2 

540 230 


Art. Page. 
751 375 


Solvent 

Some examples of Gothic 

trusses 423 178 

Space behind window sash 583 255 
Spacing apart of joists 387 166 
,, apart of trusses 

and sizes of timbers 426 180 
,, apart of ceiling 

joists. Timber for 
and 

Spandrel 

Special forms of rolled col¬ 
ourless glass 
Spiral stairs 
Spirit varnish 
Split laths 
Spotted gum 
Spreading courses 

Square and flat panels ^ ~~~ 
Squared nibble uncounted 240 122 
Stringy barks 291 140 

"Stainers”. Pigments or 
Stair. Straight 
,, Dog-legged 
,, Open newel 
Stairs. Geometrical 
,, Circular or Spiral 
,, Soffit of 
,, Timber for 
Stanchions. Loads in 
)) .Fixing ends of 

,/ Ends of 

,, Construction of 

,, Section of 

,, Eccentric 

ing of 

Stanchions. Interiors of 
,, Setting of 

Steam pile driver 
Steel construction. Aggre¬ 
gate for 

,, reinforcements. Kinds 
of 

>, nirders. Moments of 
resistance of 

,, Application of for¬ 
mulae to 

,, rail or beam footings 26 
,, stanchions 
,, truss of 50 ft. span. 

Sizes of sections fo 


load- 


435 184 
576 248 

776 380 
569 242 
763 378 
725 368 
289 140 
23 8 

519 223 


753 375 

565 240 

566 240 

567 241 

568 241 

569 242 
574 247 
580 252 
591 261 
594 261 
601 266 
600 266 

602 267 

603 267 

604 270 

605 270 
29 11 

92 54 

93 56 

620 300 

621 301 
8 

260 


Stiles. Pulley 
Stone. Examination of 
,, Seasoning of 
,, Position of 
,, Meaning of terms 
,, walling. Two classes 
of 

,, footings 
,, cornices 
,, copings 
,, columns 

,, dressings. Protection 


Art. Page. 
536 230 
228 118 

233 121 

234 121 

235 121 


236 121 

250 126 

251 127 
253 127 

261 131 

263 131 

231 119 

262 131 
539 230 


650 327 


of 

Stones. Absorption of 
water by 
,, Template 
Stop and parting beads 
Storey posts and girders 376 159 

„ ,, Notation 607 271 

Straight arch 166 94 

Strength of arches. Ne¬ 
cessary calculations 
as to 658 336 

,, of Buttresses 659 338 

,, iand weight of 

timber 356 151 

,, of mortar 72 37 

,, of concrete 85 45 

,, of brickwork 143 79 

Stress Diagram 634 315 

,, Diagram to deter¬ 
mine 649 326 

Stresses. Diagonal, in con¬ 
crete beams 88 51 

String courses and cornices 171 95 

Strings 571 244 

Struts. Method of jointing 653 332 

Strutting 390 166 

Stud walls, framed or 457 196 

,, „ Method of finish¬ 
ing corners of 464 198 

,, „ ,, heads 465 198 

,, Window sills in 466 198 

,, Windows in 467 198 

,, Sides of openings 468 199 

,, Inside linings of 469 199 

Supports of ceiling joists, 

Bearings and 434 184 

Surbase and dado 562 239 

Surfaces. Finish of 491 210 

Sydney blue gum 299 141 

209 109 
194 106 


,, Beam reinforced with 



,, aaiiusu'JUO 

Syenite 

plates. Method of 



♦Systems or kinds of bond 

using 

621 

505 


,, Girders. Construc¬ 



TALLOW WOOD 

tion of 

622 

308 

Template stones 

,, roofs of large span 

656 

333 

Tenon. Mortice and 

,, Safe load per sq. in. 



Tensile strength of Port¬ 

on 

592 

261 

land cement 

Steeples. 'Powers and 

246 

125 

Teredo. The 

Stepped flashing 

695 

357 

Terms used in connection 

Steps door 

254 

128 

with arches 

,, Series of 

564 

210 

Terms used in connection 

Sections of stair 

570 242 

with brickwork 


288 139 
262 131 
366 156 

54 25 
276 137 

164 91 

144 80 
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ierra cotta 178 ioi 

,, ,, Colour of 179 102 

>> Uses of 180 103 

n , ’> >> tiles 703 362 

lest. Deval’s hot bath 51 22 

Tests. Compression trans¬ 
verse and shearing 232 120 
„ for quality of sand 66 34 

,, of stones. Acid 229 119 

,, of stone. Brard’s 230 119 

fexture of Portland cement 52 24 

The Base. An important 

constituent of paint 742 374 

The vehicle for paint 
Thickness of brick walls 
Tie beam 


746 375 
177 99 
410 173 
644 323 

703 362 

704 362 

705 362 


Tiles. Terra cotta 
,, French pattern 

,, Plain . w 

Timber. Artificial seasoning 269 135 

,, and steel truss for 

50 ft. span. Sizes 
and sections of 641 322 

,, beams. Application 

of formulae to 617 293 

,, Best age for felling 265 134 

Best season to fell 266 134 

,, for piles 30 12 

,, Seasoning 267 134 

,, Natural season¬ 
ing 268 135 

,, Selection of good *271 136 

,, Causes of decay 

and destruction 
of, in some cases 


easily avoided 

273 

137 

,, Causes of decay 



and destruction 



of 

272 

136 

,, for and spacing 



apart of ceiling 



joists 

435 

184 

,, for balconies and 



verandahs 

475 

204 

,, for fencing 

481 

207 

,, for gates 

486 

208 

,, for door frames 

506 

218 

,, called purlins. Pieces 



of 

413 

173 


for flooring-boards 395 168 

,, for linings and ar¬ 
chitecture of win¬ 
dow openings 553 237 

,, for Louvre shutters 556 238 

,, for skirting boards 560 239 

„ for stairs 580 252 

,, used for counters 585 258 

,, used for parti¬ 
tions 587 259 

• ,, storey posts 608 271 

Timber. Turpentine 301 142 

,, Classification of 278 138 

,, Indigenous of Aus¬ 
tralia and others 277 137 


_ „ Art. Page. 

Timber. Soft and figured of 

Australia 305 143 

Imported hard- 
woods 395 145 

” Te * k . 335 147 

9 9 .of trusses for var¬ 
ious spans 427 180 

,, used as jamb lin- 

.... 510 220 

„ for building 265 134 

„ Cutting of 357 153 

,, truss. Other forms 

°f 421 177 

lime of setting of Portland 

cement 57 2 8 

' 111 , . . A „ 682 351 

longued joint. Grooved and 368 157 
Jo draw the funicular dia- 
T Sram 629 315 

Lowers and steeples 246 125 

Trachyte ] 9 8 ]Q 7 

>» Chemical composi¬ 
tion of 200 107 

>f Av here found 199 107“ 

I ransoms 5 Q] 

Triangle of forces. Use of 624 311 

Trimming of ceiling joists 433 183 

, n » „ of joists 389 166 

Jruss for roof of 50 ft. 

span. Design of 638 319 

,, construction 411 173 

,, King post 411 173 

,, Queen post 419 177 

»> R<)of 632 315 

Two kinds of 610 321 

Trusses. Some examples 

of Gothic 423 178 

,, Of iron and timber 

combined 424 179 

,, Spacing apart of, 

and sizes of tim¬ 
bers 426 180 

T Section. Principal raf¬ 
ters will be a 654 331 

Turpentine varnish 762 327 

Two kinds of laths 724 368 

Two storey verandahs 474 203 


UNDER-PINNING 667 344 

,, Of a wall 668 345 
,, Should he 

built in Port¬ 
land cement 669 345 

,, In bad foun¬ 
dations 670 345 

Unyielding and yield¬ 
ing materials. Sites 
of 14 4 

Unyielding foundations, ex¬ 
cept under certain 
conditions 9 3 

Unyielding. Natural foun¬ 
dations 3 2 


Upper floor joisting. 
cription of 


Upper Storeys. Joists for 

floors of 379 163 

Use of diagram of bending 

moments 621 307 

Use of triangle of forces 624 311 

Use of triangle of forces. 

Principle briefly des¬ 
cribed ‘ 625 311* 
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Des- Weatherboarding 460 197 

386 166 Weatherboards, rusticated 


VALLEYS 

Valley and hip rafters 

Varnish 
,, oil 
,, Spirit 
j; . Turpentine 

Varnishes. Principal kinds 
of 

Vehicle for paint. The 

Verandah 

Verandahs. One storey 
>> Two storey 

,, Timber for 

balconies and 

Vertical joint 

,, Shearing stresses 

,, Shores 

Void in any kind of ag¬ 
gregate. Percentage 
of 


691 336 
438 185 

759 377 

761 377 
763 378 

762 377 

760 377 
746 375 

472 201 

473 202 

474 203 

475 204 
249 126 
611 278 
666 344 


80 43 


462-463 197 
Wedging up a door. 0hie¬ 
ing and 530 226 

Weight-bearing power of 
natural foundations. 
Determination of 15 5 

Weight of cement 56 28 

Weight of covering over 
principals. Distribu¬ 
tion of 635 317 

Weight of roof coverings 712 364 

Weight per sq. ft. of roof 

covering and rafters 636 317 

Weight to be carried on 

floors 392 167 

Wet clay 122 68 

Wet process of making 

Portland cement 48 19 

Wet rot 274 137 

White marble 219 112 

White ants 275 137 

White ironbark 281 139 

White mahogany 287 139 

White or grey box 290 140 

Wind pressure. Effect on 

roof 637 318 

Window openings 533 228 

. , Frames boxed 535 228 

,, ,, Solid 540 230 

,, ,, Timber for 541 232 

,, ,, Fixing of 543 232 


WALL PLATES. 

,, Surfaces^ Colouring 

Vails. 


,, Painting 
Hearing of joists 


,, Inside lining of stiul 
,, Lining boards in con¬ 
nection with solid 
frames in external 
,, Method of finishing 
corner of stud 
,, Method of finishing 
heads of openings 
in solid 

,, Openings in 
,, Plates on brick foun¬ 
dation 

,, Retaining 
,, Sides of openings in 
stud 

,, Windows in stud 
,, Window sills in stud 
Walnut 


429 182 
769 378 
768 378 

383 166 
469 199 


Sashes 

Frames. 

boxed 


Sashes for 


solid 

,, ,, Timber 

sashes 

Window sills 
Windows. Shop 


for 


503 217 Window sash, space be¬ 
hind 

464 198 Woollybutt 

Worthless substitutes for 
linseed oil 


543 232 

544 232 

547 235 

548 235 
255 128 

582 252 
771 379 

583 255 
300 142 

750 375 


465 

508 


198 

219 


459 197 
660 339 

468 199 
467 198 
466 198 
337 147 


Yl ELDING 
Footings 
ments of 


foundations 
and improve- 


ZINC. Oxide of 744 374 

,, Preparation and des¬ 
cription of 679 350 

,, As a roof covering 685 351 


William Brooks & Co., Ltd., Printers, Sydney. 
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